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COMPANY PROFILE 





In this section a brief description of Johnson & Johnson is included, and information provided 
regards our company’s history, market position, revenue and net income in the fiscal year of 2020, 
business segments involved, and industry of focus. Also, it is determined in this section what and 
why a specific geographic region, business segment, and major competitor are selected for this 
dossier. 











1. Johnson & Johnson 


Founded in 1887 by Robert Wood Johnson |, James Wood Johnson, and Edward Mead Johnson Sr. in 
New Brunswick, NJ., Johnson & Johnson has become “the world’s largest and most broadly based health 
care company” (Johnson & Johnson, n.d., p. 1). Today, we have more than 130,000 employees across 
the world (Johnson & Johnson, n.d.) and more than 260 operating companies in over 60 countries 
(Kennedy, 2021), generated a revenue of over 82 billion USD with a net income of almost 15 billion USD 
in the fiscal year of 2020, and operate business in all countries of the world with the United States of 
America being the biggest market (Factiva, n.d.-a). 


We have served consumers for over 130 years in providing products or support in the research and 
development, manufacture, and health care fields (Mergent Online, n.d.-a). We mainly cover three 
business segments, which are consumer health, pharmaceutical, and medical devices (Mergent Online, 
n.d.). 


In the consumer health industry, we provide products sold in markets including “skin health/beauty, 
over-the-counter medicines, baby care, oral care, women’s health, and wound care” (Mergent Online, 
n.d., p. 1). In the pharmaceutical industry, we focus on six therapeutic areas, including immunology, 
infectious diseases, neuroscience, oncology, cardiovascular and metabolism, and pulmonary 
hypertension (Mergent Online, n.d.-a). In the medical devices industry, our products are used in fields 
such as interventional solutions, orthopaedics, surgery, and vision (Mergen Online, n.d.-a). 


Our primary industry classification code is 2834 according to Standard Industrial Classification (SIC) or 
325412 according to the North American Industry Classification System (NAICS) (Factiva, n.d.-a), which 
indicates that our focus is the pharmaceutical industry. 


In the global market, Johnson & Johnson is the fourth largest market player in pharmaceutical and 
medicine manufacturing industry with a market share of 3.4%, following Pfizer (4.2%) from the United 
States, F. Hoffman-La Roche AG (4.1%) from Switzerland, and Novartis AG (3.8%) from Switzerland as 
well (Koronios, 2020). 
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In the U.S. market, Johnson & Johnson ranked third among the six major players in the pharmaceutical 
manufacturing industry with a market share of 11.2%, following AbbVie (17.8%) and Bristol-Myers 
Squibb (15.0%), and followed by Merck & Co. (9.5%), Amgen (9.2%), and Pfizer (8.8%) (Kennedy, 2021). 


In this dossier, the industry of focus discussed will be pharmaceutical manufacturing and the geographic 
region covered will be the United States, given almost a third of our manufacturing facilities are for 
manufacturing pharmaceutical products in the United States (Kennedy, 2021) and nearly half of our 
total sales is derived from our pharmaceutical segment (Koronios, 2020). 


In the U.S. pharmaceutical manufacturing industry, the major competitors for Johnson & Johnson are 
AbbVie, Bristol-Myers Squibb, Merck & Co., Amgen, and Pfizer. However, given the top three news 
subjects concerning our company recently are immunizations, novel Coronaviruses, and 
outbreaks/epidemics (Factiva, n.d.-a), and the COVID-19 vaccine provided by Pfizer was the first one 
that received an emergency use authorization (EUA) from U.S. Food and Drug Administration (FDA) (U.S. 
Food & Drug Administration, 2021), the competitor company discussed here will be Pfizer. 
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COMPETITOR PROFILE 





In this section, a detailed company profile for the identified major competitor, Pfizer Inc, will 
be provided. The content is divided into seven subsections, including company overview, 
SWOT analysis, news, company size, primary business, industry of focus, and comparison. 
The company overview subsection includes information concerning Pfizer’s market position 
and top three executives, who are the Chief Executive Officer (CEO), the Chief Business 
Officer (CBO), and the Chief Financial Officer (CFO). The SWOT analysis subsection presented 
and compared the SWOT analysis on Pfizer Inc conducted by GlobalData and MarketLine. 
The news subsection explored recent news involving Pfizer, especially news concerning 
COVID-19 vaccine. The company size subsection provided five years of financial data of Pfizer 
Inc for indicating its market position and financial performance. The primary business section 
mainly discussed the business segments Pfizer is involved. The industry of focus subsection 
provided in-depth information on the pharmaceutical industry Pfizer is focused on. The 
comparison subsection includes a comparison between Johnson & Johnson and Pfizer Inc, 
and presented evidence indicating the advantages and disadvantages Johnson & Johnson 
have over Pfizer. 











2. Pfizer 


Pfizer is a biopharmaceutical company founded by Charles Pfizer Sr. and Charles Erhart in 1849, and it is 
mainly involved in researching, developing, and manufacturing healthcare products regarding 
medicines, vaccine, and consumer healthcare (Factiva, n.d.-b). Pfizer is also one of the FDA approved 
COVID-19 vaccine providers (U.S. Food & Drug Administration), which brought it into the spotlight of 
news media around the globe. 


On the one hand countries around the world are trying to secure more Pfizer COVID-19 vaccines for 
their people, including South Korea, Thailand, and the UK (Factiva, n.d.-b), while on the other hand, 
there are also countries like Israel questioning the safety of Pfizer vaccine (Reuters, 2021). 


Top 3 Executives 

Mr. Albert Bourla has been the Chief Executive Officer (CEO) of Pfizer Inc for a little over two years since 
January 1, 2019, and the Chairman of the Board for over a year since January 1, 2020 and served as 
Chief Operating Officer (COO) for Pfizer Inc for two years from January 1, 2018 to January 1, 2020 
(Mergent Online, n.d.-b). In total, Dr. Bourla has been working with Pfizer for 25 years, and held 
different positions including global vaccines, oncology and consumer healthcare business, established 
products business, and off-patent portfolio (Bourla, n.d.). 


Mr. Bourla holds a PhD degree in the Biotechnology of Reproduction from the Aristotle University of 
Thessaloniki (AUTH) and he also practiced veterinary medicine in Greece (Bourla, n.d.) He is passionate 
about helping animals, actively supporting equity, and a strong believer of science (Bourla, n.d.). 
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Recently, Mr. Bourla made a comment on the likelihood of the third dose of COVID vaccine during a CVS 
Health event, indicating that it is likely there is a need for the third dose and annual revaccination, but it 
is not confirmed yet (Lovelace, 2021). 


Mr. John D. Young is now the Group President and Chief Business Officer (CBO) at Pfizer, who has been 
working for Pfizer Inc for over 33 years and started as a sales representative back in 1987. He has served 
in his new positions since January 2019 (Young, n.d.). 


Mr. John D Young acquired his Bachelor of Science degree in Biology from Glasgow University in 1986, 
and a year after that he started working for Pfizer Inc (Young, n.d.). He also holds an M.B.A. from 
University of Strathclyde, which he acquired in 1994 when he was working as a district sales manager, 
the second position he had working for Pfizer, after which he was promoted to regional manager 
(Young, n.d.). 


The Chief Financial Officer (CFO) and Executive Vice President Global Supply of Pfizer Inc is Mr. Frank 
D'Amelio, who has been in these positions for almost 14 years, and they are the first and only positions 
he ever served at Pfizer (D'Amelio, n.d.). Before Pfizer, Mr. D'Amelio was once the CFO of AT&T, where 
he worked for 17 years from 1979 to 1996, as well as the CFO and the Chief Operating Officer (COO) of 
Lucent Technologies, where he served for 11 years from 1996 to 2007 (D'Amelio, n.d.). 


Mr. D'Amelio holds a Bachelor of Science degree in Accounting from Saint Peter’s University, and he also 
obtained an M.B.A. from St. John’s University when he first started working for AT&T. He has been 
recognized as America’s Top CFO for eight consecutive years from 2011 to 2019 and for a total 10 years 
(including the year 2005 and 2006) (D'Amelio, n.d.). 


3. SWOT Analysis 


SWOT analysis conducted on Pfizer Inc by both GlobalData (Table 1) and MarketLine (Table 2) are 
presented and compared here. The SWOT analysis conducted by MarketLine was published on August 
24, 2020, while the one by GlobalData was published in September 2020. 


Table 1 


SWOT Analysis on Pfizer Inc by GlobalData (GlobalData, 2020, p. 2) 











Strengths Weaknesses 

Dominant position Clinical efficacy 

Focus on research and development Reliance on pharmaceutical wholesalers 
Opportunities Threats 
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Promising product pipeline Competitive environment 
Approval of new products Patent expiry 
Table 2 


SWOT Analysis on Pfizer Inc by MarketLine (MarketLine, 2020, p. 70) 


Strengths Weaknesses 





Robust research and development capabilities Revenue 


Business performance of innovative health 
segment 


Operational performance 








Opportunities Threats 
Positive outlook for global pharmaceuticals Healthcare reforms and drug pricing controls 
market likely to affect the company’s operating margin 


Product approvals to strengthen Pfizer’s portfolio | Consolidation among managed care 
organizations 
Strategic collaborations and agreements 





Influx of generics 


Both GlobalData and MarketLine agree that Pfizer’s internal strengths come from its dominant position 
in the innovative health segment and its research and development capabilities (GlobalData, 2020; 
MarketLine, 2020). However, GlobalData believes that Pfizer’s product discontinuations problem and 
selling majority of its products to wholesalers are the outstanding weaknesses (GlobalData, 2020), while 
MarketLine pointed out that the decrease in revenue is the biggest weakness of Pfizer since the fiscal 
year of 2019 (MarketLine, 2020). No news since the publication of GlobalData’s SWOT analysis reported 
that Pfizer has solved its problems concerning product discontinuations or wholesalers. However, 
according to Pfizer’s fourth-quarter report and full-year 2020 results, Pfizer’s revenue has increased by 
12% in the fourth quarter and by 2% from 2019 to 2020 (Pfizer, 2021). 


In terms of external opportunities and threats, both GlobalData and MarketLine believe Pfizer will 
benefit from its new product approval (GlobalData, 2020; MarketLine, 2020). However, the overall 
pharmaceutical industry environment is competitive due to the influx of generics, healthcare reform, 
drug pricing controls, and patent expiry (GlobalData, 2020; MarketLine, 2020). For gaining an advantage 
over competitors, Pfizer invested more in research and development in the fourth quarter of 2020 to 
ensure a high success rate of clinical trials (Pfizer, 2021). 
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4. News 


In 2020, Pfizer (and BioNTech) developed an mRNA vaccine against COVID-19. Before it, no vaccine for 
an infectious disease had even been developed in such a short amount of time. Vaccine trials began in 
2019, In December 2020, the Food and Drug Administration granted Pfizer an emergency use 
authorization for its COVID-19 vaccine. In December of 2020, Pfizer informed the Trump administration 
that it was not going to be possible to meet the demand for vaccines in the U.S. until June and July of 
2021. Other countries have purchased vaccine doses, making it complicated to produce and sell only to 
the United States. Pfizer spokeswoman Amy Rose said that beyond the first 100 million doses the United 
States had secured, a separate agreement would have to be reached (McGinley, Abutaleb, & Johnson 
2020). 


Additionally, after successfully administering millions of vaccines, Pfizer has now determined that the 
vaccine is safe for and extremely effective in adolescents, according to a company-sponsored study 
(Weintraub, 2021). The study of 2,260 adolescents found that in adolescents 12 to 15 years old, 
vaccination led to a higher protective antibody response than in adults and was 100% effective against 
symptomatic disease (Weintraub, 2021). Chairman and CEO of Pfizer, Albert Bourla said in a prepared 
statement, “We share the urgency to expand the use of our vaccine to additional populations and are 
encouraged by the clinical trial data from adolescents between the ages of 12 and 15, we plan to submit 
these data to FDA as a proposed amendment to our Emergency Use Authorization in the coming weeks 
and to other regulators around the world, with the hope of starting to vaccinate this age group before 
the start of the next school year." 


Pfizer’s website currently has a COVID-19 Hub where they have compiled resources and latest updates 
on the vaccine. On April 1st, Pfizer stated in a press release that following the second dose of the Pfizer 
and BioNtech vaccine, high efficacy and no serious safety concerns through up to six months (Pfizer, 
2021). During December 14—23, 2020, monitoring by the Vaccine Adverse Event Reporting System 
detected 21 cases of anaphylaxis after administration of a reported 1,893,360 first doses of the Pfizer- 
BioNTech COVID-19 vaccine (11.1 cases per million doses); 71% of these occurred within 15 minutes of 
vaccination (Shimabukuro, 2021). 


5; Company Size 


Pfizer is the second largest pharmaceutical company in the world. It was ranked 64th on the 2020 
Fortune 500 list of the largest U.S. corporations by total revenue, at $47.644 billion as of December 31, 
2020. 


Data provided by MintGlobal: http://mintglobal.bvdinfo.com.libproxy2.usc.edu/version- 
20201217/Search.Quick.serv? _CID=2&context=3UK6J92DZW527QA&FromId=Home# 
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$m 

Consolidated data 2020 var % 2019 var % 2018 
Operating revenue 41,908 1.79 41,172 0.85 40,825 
P/L before tax 7,497 -34.72 11,485 219.56 3,594 
P/L for period 9,615 -40.91 16,272 45.92 TISA 
Cash flow 16,083 -35.99 25,125 21.67 20,650 
Total assets 154,229 -7.97 167,594 5.13 159,422 
Shareholders funds 63,238 0.15 63,144 -0.41 63,407 
Current ratio (x) 1.35 53.92 0.88 -43.91 157 
Profit margin (%) 17.89 -35.87 27.90 216.88 8.80 
oa using P/L before tax 11.86 -34.82 18.19 220.91 5.67 
ig using P/L before tax 6.97 -30.43 10.02 160.38 3.85 
a ratio (Asset based) 41.00 8.83 37.68 -5.27 39.77 
Price earning ratio (x) 21.28 59.70 13.33 -41.11 22.63 
Number of employees 78,500 -11.10 88,300 -4.44 92,400 


View full section 


Frank D’Amelio, Chief Financial Officer and Executive Vice President, Global Supply, stated: “I am very 
pleased with how our company performed in 2020, and particularly in the fourth quarter, where we 
achieved double digit operational revenue growth driven by a wide range of products and geographies, 
including growth within all of our therapeutic areas.” 


Press release provided by Pfizer: https://investors.pfizer.com/investor-news/press-release- 
details/2021/PFIZER-REPORTS-FOURTH-QUARTER-AND-FULL-YEAR-2020-RESULTS-AND-RELEASES-5- 
YEAR-PIPELINE-METRICS/default.aspx 
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OVERALL RESULTS 


($ in millions, except 








per share amounts) Fourth-Quarter Full-Year 
2020 2019 Change 2020 2019 Change 
Revenues $ 11,684 $ 10,449 12% $ 41,908 $ 41,172 2% 
Reported Net Income/(Loss)*) 594 (337) x 9,616 16,273 (41%) 
Reported Diluted EPS/(LPS)®) 0.10 (0.06) s 1.71 2.87 (40%) 
Adjusted Income) 2,366 2,055 15% 12,506 10,817 16% 
Adjusted Diluted EPS(2) 0.42 0.36 14% 2,22 1.91 16% 
* Indicates calculation not meaningful. 
REVENUES 
($ in millions) Fourth-Quarter Full-Year 
% Change % Change 
2020 2019 Total Oper. 2020 2019 Total Oper. 

Internal Medicine $2,308 $2,282 1% 1% $ 9,003 $ 8,790 2% 3% 
Oncology 3,024 2,466 23% 21% 10,867 9,014 21% 21% 
Hospital 2,220 2,056 8% 7% 7,961 TIRE 2% 3% 
Vaccines 2,001 1,708 17% 16% 6,575 6,504 1% 2% 
Inflammation & Immunology 1,267 1,251 1% — 4,567 4,133 (4%) (3%) 
Rare Disease 865 686 26% 24% 2,936 2,278 29% 29% 

Biopharmaceutical Products $11,684 $10,449 12% 11%| $41,908 $39,090 7% 8% 
Consumer Healthcare!" Products - =- = = - 2,082 (100%) (100%) 

Total Revenue $11,684 $10,449 12% 11% $41,908 $41,172 2% 3% 





Current 2021 financial guidance presented below is provided by Pfizer: 
https://s21.q4cdn.com/317678438/files/doc_financials/2020/q4/Q4-2020-PFE-Earnings-Release.pdf 
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Revenues $59.4 to $61.4 billion 
Adjusted Cost of Sales” as a Percentage of Revenues 32.0% to 33.0% 
Adjusted SI&A Expenses” $11.0 to $12.0 billion 


Adjusted R&D Expenses” $9.2 to $9.7 billion 





Adjusted Other (Income)/Deductions™ Approximately $2.2 billion of income 





(2) 


Effective Tax Rate on Adjusted Income Approximately 15.0% 





$3.10 to $3.20 


Adjusted Diluted EPS” 
Peet ee (previously $3.00 to $3.10) 


6. Primary Business 


Pfizer Inc. is a global bio-pharmaceutical company involved in the discovery, development, and 
manufacture of healthcare products. Operating in more than 125 countries, it develops consumer 
healthcare products, vaccines, medicines, and therapies to treat various conditions including 
inflammation and immunology, neuroscience and pain, cardiovascular and metabolic, oncology, rare 
disease (MarketLine, 2021). It operates through two segments, Pfizer Innovative Health (IH) and Pfizer 
Essential Health (EH). The IH segment focuses on the development and commercializing medicines and 
vaccines for internal medicine, oncology, inflammation and immunology, rate disease, and consumer 
healthcare. The EH segment is involved in development and supply of branded generics, generic sterile 
injectable products, biosimilars, and select branded products including anti-infectives (Factiva, 2021). Its 
top prescription products include cholesterol-lowering Lipitor, pain management drugs Celebrex and 
Lyrica, pneumonia vaccine Prevnar, and erectile dysfunction treatment Viagra, as well as arthritis drug 
Enbrel, antibiotic Zyvox, and blood-thinner Eliquis. 


T: Industry of Focus 


Pharmaceutical Industry 

Pfizer’s main industries of focus that are in direct competition to J&J include the generic and 
pharmaceutical industries. Pfizer's website heavily emphasizes its research and drug offerings in this 
industry, as it highlights its products, the types of drugs it makes, its history with breakthrough 
medication that helped end Smallpox, and a section devoted to the historical context of several of its 
medications (Pfizer, n.d.). MarketLine data from May 2020 projects that the pharmaceutical industry is 
valued at over $409.4 billion, and since 2015 has averaged 3.4% growth year after year. However, future 
growth through 2024 is predicted to stagnate due to the current industry focus on the COVID-19 
pandemic (GlobalData, 2020). 
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Pfizer is a research-based global biopharmaceutical company that develops consumer healthcare 
products and is the second largest within the industry (Kennedy, 2021). Pfizer’s corporate strategy 
within the pharmaceutical industry includes heavy investment in research and development (R&D) 
(GlobalData, 2020). Part of this strategy is aimed at alleviating some of its known weaknesses mentioned 
in the SWOT analysis. These include clinical efficacy, as well as diversifying its main portfolio to diversify 
its offering within most markets. It was reported in 2018 that the US pharmaceutical industry accounted 
for 47.2% of Pfizer’s revenue (GlobalData, 2020). 


Data from MarketLine also shows that Pfizer’s contributions to the industry are from their Innovative 
Health (IH) and Essential Health (EH) segments. The IH segment focuses on consumer healthcare, 
inflammation and immunology, internal medicine, oncology, rare diseases and vaccines. The EH segment 
primarily deals with legacy brands that are losing market exclusivity and generics. 


A GlobalData report (2020) reveals much of Pfizer’s movement within the industry from last year has 
focused on more collaborations and agreements with other companies to help develop drugs and 
therapies. These include ventures with AMRA Medical, Valneva, Paraxel, and Saama Technologies. This 
again, compliments Pfizer’s overall approach to the industry by increasing its market presence by 
continually allowing them to offer new products and therapies that are within the domains of their EH 
and IH segments. The report also reveals that in 2019 it has expanded its strategic acquisitions by 
acquiring Array BioPharma and Therachon AG. 


Emerging Vaccine Market 

All of this has lined up accordingly with the pharmaceutical opportunities presented by the COVID-19 
pandemic, as the vaccine market alone is projected to be valued at $39 billion alone, while the market 
for treatment is projected to be worth $10 billion in 2021 (Conover, 2021). Within this space, Pfizer’s 
activity has recently been in alleviating its weaknesses and building off its opportunities identified within 
the SWOT analysis. It’s recent collaboration with the German biotechnology company, BioNTech, is a 
conflagration of its focus within the industry. Pfizer signed the agreement with BioNTech in April 2020. 
The agreement has BioNTech develop the vaccine while Pfizer provides it’s R&D and clinical 
infrastructure for manufacturing and distribution (MarketLine, 2020). As Pfizer, has jointly developed a 
COVID-19 vaccine with BioNTech, it has reinstated its focus within the industry by diversifying its 
portfolio of offerings (Kennedy, 2021). This, along with the alleged success with the efficacy of the 
vaccine, has led to analysts projecting that Pfizer/BioNTech will dominate the vaccine market with 

14S billion in sales in 2021 (Conover, 2021). As Pfizer continues to invest heavily on its products and 
spin-offs, it is expected to prepare an easier to use version of its COVID-19 vaccine for the summer 
months (Conover, 2021). 


Generics 

Pfizer also has a notable presence in the pharmaceutical generic drug industry, but does not directly 
compete with J&J. The generic drug market deals primarily with drugs and therapies that are no longer 
under patent exclusivity. This industry in the US was worth $108.9 billion in 2019 and makes up nearly 
92.7% of the pharmaceutical industry (MarketLine, 2020). 
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8. Comparison 


Johnson & Johnson is a larger company than Pfizer 

Compared with Pfizer, J&J is a much larger company with over 132,200 employees, compared with 
Pfizer’s 88,300 (). Johnson & Johnson also has a larger presence in the pharmaceutical industry with 10% 
market share compared with Pfizer’s 6.5%. The result of this increased presence allows for the company 
to enjoy larger revenues of $82,584 million compared with Pfizer’s $53,647 million (MarketLine, 2020). 


Johnson & Johnson has more Market Diversity 

Johnson & Johnson also maintains a presence in markets that Pfizer does not. This is most notable in its 
divisions that offer consumer products. These include baby care, oral care, skin care, over-the-counter 
(OTC) pharmaceuticals, women’s and women’s health products. Johnson and Johnson is also in the 
medical device business and provides products to the medical field (Kennedy, 2021). 


Johnson & Johnson is not Primarily Bio-Pharma Based 

Unlike Pfizer, J&J is not primarily devoted just to the pharmaceutical industry -- despite having the 
largest market position. It primarily operates as a holding company that offers a range of products that it 
also manufactures for the healthcare field (Mergent Online, n.d.). It’s main areas of focus are consumer, 
pharmaceutical, and medical devices industries. Also, unlike Pfizer, it does not have a leading position 
within the generic drug market and is not considered a top leader (MarketLine, 2020). 


Pfizer does not Face the Same Level of Legal Scrutiny as Johnson & Johnson 

Pfizer, like J&J both face similar challenges and threats when it comes to existing within the 
pharmaceutical industry. This is prevalent with the pressure being placed on the top companies in the 
face of a glut of expected expired patents that may force the infrastructure of some of these companies 
(). However, in J&J’s other markets, there has been an increased amount of scrutiny that has not been as 
prevalent within Pfizers’s industries of focus. Because of J&J’s larger position, certain subsidiaries have 
been exposed to lawsuits regarding intellectual property and product liability (). As these are expected 
actions that occur to a diverse company of this size, there are still financial liabilities that are unique to 
J&J that have not happened with Pfizer. One of the most recent verdicts against J&J from October 2019 
cost the company $8 billion (MarketLine, 2020). 
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INDUSTRY PROFILE 





This section details and defines the pharmaceutical industry in the United States. The top 
industry players operate under the auspices of U.S. healthcare regulators and the Food and 
Drug Administration for approval of their products. The environment remains very 
competitive among the top industry leaders as they continue to spend expeditiously on R&D 
in order to create new products. The reasoning behind this is so that a company can have an 
exclusive patent on a pharmaceutical product that it can control and produce and would thus 
offer to maximize its profitability potential. Once the patent expires, secondary drug makers 
can make suitable copies of the drugs without infringing on licensing. These drugs are known 
as “generics” and operate in a different sub-market outside of the brand name 
pharmaceutical one. The biggest impact on the industry during the COVID-19 pandemic has 
been damage to the logistical supply line that allows the manufacturers to receive the raw 
materials needed to produce their products. Other challenges include the lack of reform of 
the approval process, which stunts innovation as the companies end up spending less on 
R&D, and a looming cluster of big-name proprietary drugs losing their patent protection. 











9. Five Force Analysis 


A Five Force Analysis from MarketLine (2020) reveals that within the pharmaceutical industry, rivalries 
remain strong as each drug maker competes in the marketplace for approval. The regulatory landscape 
also maintains its role as gatekeeper for market entry, despite the strong buying power of the industry. 


New entrants must face fierce competition, a regulatory environment that requires years of research 
and clinical testing and approval and having to deal with fierce competition among the top leaders of 
the industry (Kennedy, 2021). 


This environment compels large companies in the pharmaceuticals market, such as Pfizer, to constantly 
invest in R&D and to find ways to collaborate with other drug makers in order to bring products to 
market and to overcome the regulatory and financial hurdles that are part of a process within the 
industry. These collaborations may also seem like a symbiotic relationship, as a smaller company with 
less resources could entice a larger one with more resources to collaborate on new pharmaceuticals. 
The recent venture between BioNTech and Pfizer could be seen in this way as the deal had the former 
develop the vaccine, while the latter provided its larger resources for clinical trials and manufacturing. 


Substitutes, referring to the use of generic offshoots of proprietary drugs whose patents have expired, is 
another force of interest as the generic drug market is expected to grow once a slew of highly lucrative 
patents within the industry expires. However, this may be mitigated as the generics may not be as 
effective as the original drug, thus allowing the companies to still retain some market share for their 
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proprietary businesses. 





Figure 4: Forces driving competition in the pharmaceuticals market in the United States, 2019 


= 
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10. The Pharmaceutical Industry 


MarketLine research defines the pharmaceutical market consisting of “ethical drugs only and does not 
include consumer healthcare or animal healthcare” (2020). A more in-depth report from IBISWorld more 
broadly categorizes the industry (as opposed to market) as “Brand Name Pharmaceutical Manufacturing 
in the US,” and defines the manufacturers of the industry as those that “develop prescription and over- 
the-counter products that are used to prevent or treat illnesses in humans or animals.” It also 
distinguishes brand-name from generic drugs as ones that have patent protection and does not include 


the nutritional supplements or cosmetics (Kennedy, 2021). 


16 


PFIZER 


In terms of market share, MarketLine and IBISWorld offer differing metrics on the industry leaders: 


EDs 
D. 


Major Players 





@ 17.8% AbbVie 
@ 15.0% Bristol-Myers Squibb 
@ 11.2% Johnson & Johnson 
@ 9.5% Merck 
@ 9.2% Amgen 
@ 8.8% Pfizer Inc. 

Other 


17 


PFIZER 


Figure 10: United States pharmaceuticals market share: % share, by value, 2019 
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This distinction is not explicitly given, however, it should be noted that IBISWorld more strictly defines 
the industry report and heads it under the NAICS code of 32541, which according to the NAICS code 
website includes: 


“(1) manufacturing biological and medicinal products; (2) processing (i.e., grading, grinding, 
and milling) botanical drugs and herbs; (3) isolating active medicinal principals from 
botanical drugs and herbs; and (4) manufacturing pharmaceutical products intended for 
internal and external consumption in such forms as ampoules, tablets, capsules, vials, 
ointments, powders, solutions, and suspensions,” (n.d., p. 10). 


Given the available data on how J&J and Pfizer directly compete within the industry and the information 
focusing on the companies’ two vaccines, using the MarketLine industry report on the pharmaceutical 
industry offers a more suitable analysis for direct comparisons about the two companies. However, 
there is much tertiary information within the IBISWorld report that offers more contextualization on the 
drivers of the industry. 


It is noted that one of the largest umbrellas for all the main drivers of the pharmaceutical industry in the 
United States is the nation’s healthcare system itself. It is described as the “worst in the world” in terms 
of cost and efficiency, as the US spends 18% of its GDP on healthcare while similar European nations 
spend only around 9-11% (MarketLine, 2020). The results of this inefficiency allow the pharmaceutical 
market to enjoy revenues in the hundreds of billions of dollars, with MarketLine estimating a 2019 
revenue of over $409 billion (2020). MarkeLline’s report also notes that lack of a publicly funded 
healthcare system, the lack of private insurers to incentivise cost efficiencies, and the rapidly aging US 
population has allowed the market to grow and expand at a rapid rate (2020). 


Despite these internal issues, the industry as a whole has faced a few setbacks as cheap imports of drugs 
from countries such as China, and legislative actions aimed at targeting price fixing -- the most recent in 
2017 -- are continuing threats to the industry status-quo (MarketLine, 2020). 
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The IBISWorld report notes that the key drivers of the industry are federal funding, the median age of 
the population, government regulation for the pharmaceutical industry, R&D expenditures, and trade- 
weighted industries (Kennedy, 2021). It is also worth noting that despite the mass production and 
distribution of vaccines to combat the COVID-19 outbreak, the pandemics disruption to the supply 
chain, which has stalled the delivery of the ingredients needed for the drug manufacturers to produce 
their products will still have negative financial consequences to the industry (Kennedy, 2021). 


According to the IBISWorld report despite the pandemic and the disruption it has caused, the greatest 
key driver that could have a huge impact on the entire industry is the loss of drug patent exclusivity 
(Kennedy, 2021). The industry has long been aware of this issue as the glut of expiring drugs has caused 
distinct movement among the pharmaceutical companies to pivot towards the production of newer 
drug types and have explored making medicines for rare diseases (Kennedy, 2021). One of these pivots 
included the move to more “biologic” drugs which had staved off some of the losses from generics, 
however, the introduction of “biosimilar” drugs is expected to offset these gains (Hemphill, 2019). As 
generics make up 90% of prescriptions, these companies have also had incentives to “game” the system 
by using resources and influence to delay or modify agreements between brand name and generic 
drugmakers for their direct benefit (Hemphill, 2019). Regulatory guidance and the Drug Competition 
Action plan promote competition within the industry have been valid attempts at curbing this behavior 
(Hemphill, 2019). 


The rise in generic usage and the litigation and scrutiny brought upon the industry from government 
regulators have cut into revenue growth as the costs of R&D continue to climb (Kennedy, 2021). The 
IBISWorld report claims that these factors have forced the top companies to develop more efficient 
product lines and as a result have produced less brand name pharmaceuticals (Kennedy, 2021). Despite 
these setbacks, competition still remains fierce on all levels of the industry -- so much so that another 
factor in the potential diminishing returns on the industry may be due to the Food and Drug 
Administration approval process itself (Rao, 2020). As Rao notes, as R&D costs have risen, the approval 
process is still cumbersome and timely -- and in the face of stiffer and stiffer competition it is becoming 
an increasing bottleneck towards profitability and innovation (2020). 


11. Industry Size 


As defined within the NAIC 32541 designation, according to IBISWorld, the “Brand Name Pharmaceutical 
Manufacturing in the US” industry comprises 1,776 businesses that employ approximately 225,000 
people and generates annual revenues of $205 billion (Kennedy, 2021). The report segments the 
industry as follows: 
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Brand Name Pharmaceutical Manufacturing in the US February 2021 


Products & Services Segmentation 


~ ES ~ = = = 
16.2% 13.7% 14.1% 6.3% 5.0% 5.8% 
Diabetes prescriptions Oncology prescriptions Autoimmune prescriptionsRespiratory prescriptions Mental health and nervous Antiviral medication 


system prescriptions 2 
Brand Name Pharmaceutical Manufacturing 


Johnson & Johnson is the third largest in terms of market share with 11.2% and Pfizer holds 8.8% of the 
market (Kennedy, 2021). Within the industry, J&J focuses on six therapeutic segments: immunology, 
infections diseases, faccinces, nervous system disorders, oncology, cardiovascular, and 
metabolism/pulmonary (Kennedy, 2021). The company's financials are expected to grow within the next 
five years at an annualized rate of 5.4% to $22.9 billion. Industry revenue is expected to increase 7.3% in 
2020. 


Johnson & Johnson (US industry-specific segment) - financial performance* 





Revenue Growth Operating Income Growth 
Year ($m) (% change) ($m) (% change) 
2016 17,600.6 NIC 4,936.0 NIC 
2017 18,904.8 7.4 4,506.0 -8.7 
2018 20,913.0 10.6 4,715.0 46 
2019 21,648.0 3.5 4,561.0 -3.3 
2020 23,235.9 73 5,739.8 25.8 
2021 22,894.6 -1.5 5,213.6 -9.2 


Source: IBISWorld 
Note: *Estimates 


Pfizer holds 8.8% of the market and is the sixth largest in the industry according to IBISWorld (Kennedy, 
2021). Pfizer, unlike J&J, maintains a much larger part of its business within the pharmaceutical industry 
as it is not as large and as industrially diverse. Its operations within the industry include its innovative 
health segment and its R&D facilities that are concentrated within North America (Kennedy, 2021). 
Recent moves within the industry include acquiring Hospira Infusion Systems for $15 billion, Anacor 
Pharmaceuticals for $5.2 billion, and Array BioPharma for $11.4 billion (Kennedy, 2021). Pfizer’s recent 
partnership with BioNTech to develop the COVID-19 vaccine generated $2 billion in federal funding from 
Operation Warp Speed (Kennedy, 2021). 


Despite these moves, Pfizer’s revenue within the industry is expected to decrease during the next five 
years as it must contend with the loss of its drug exclusivity for some of its key drugs such as: Lipitor, 
Xalatan, Caduet, Viagra, and Lyrica (Kennedy, 2021). 
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Pfizer Inc. (US industry-specific segment) - financial performance* 


Revenue Growth Operating Income Growth 
Year ($m) (% change) ($m) (% change) 
2016 20,331.3 N/C 3,214.2 N/C 
2017 19,365.7 -4.7 4,535.0 41.1 
2018 19,434.8 0.4 4,305.6 -5.1 
2019 19,135.5 -1.5 6,538.3 51.9 
2020 18,668.4 -2.4 3,615.6 -44.7 
2021 18,026.7 -3.4 4,548.1 25.8 


12. Industry Growth 
MarketLine data has reported an average growth rate of 3.4% between 2015 and 2019 (2020). 





able 1: United States pharmaceuticals market value: $ billion, 2015—19 


Year $ billion € billion % Growth 
2015 357.8 400.7 

2016 362.6 406.1 1.3% 
2017 377.3 422.6 41% 
2018 392.8 439.9 41% 
2019 409.4 458.5 4.2% 
CAGR: 2015-19 3.4% 

SOURCE: MARKETLINE 
MARKETLINE 








Figure 1: United States pharmaceuticals market value: $ billion, 2015-19 
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Markers for industry growth include the regulatory healthcare environment of the US, the inefficiency of 
healthcare providers for providing affordable medications, and the aging US population and increases in 
age diseases such as diabetes and cardiovascular illnesses will lead to a greater reliance on medications 
for these illnesses (MarketLine, 2020). MarketLine’s report did not, at the time of publication, could not 
take into account the full impact of the COVID-19 pandemic, but projects it to be damaging due to 
overall market stagnation and the effects on logistics which the industry needs to transport materials to 
create their products (2020). MarketLine therefore predicts a growth rate of 0.4% (2020). 


able 3: United States pharmaceuticals market value forecast: $ 





Year $ billion € billion % Growth 
2019 409.4 458.5 4.2% 
2020 403.2 451.6 (1.5%) 
2021 401.9 450.1 (0.3%) 
2022 402.4 450.6 0.1% 
2023 409.5 458.6 1.8% 
2024 417.2 467.3 1.9% 
CAGR: 2019-24 0.4% 
SOURCE: MARKETLINE eee te 








The IBISWorld report from 2021 has estimated that the industry has grown by 4.9% in 2021, but has also 
noted that a combination of competition, patent expirations, and rising R&D costs aligned to cost a 
decrease in revenues over the past five years -- noting that profit has decreased from 9% to 6.2% within 
this period (Kennedy, 2021). The report also concurs with MarketLine’s conclusion that the most 
damage caused by the COVID-19 pandemic remains in disruptions to the supply chain, but also notes 
that the Defense Production Act announced by the current administration could mitigate some of the 
damage (Kennedy, 2021). 


The outlook concludes that the rise and incentivising use of low-cost generic drugs will cut into the 
innovations created by heavy R&D spending within the next five years and will potentially stagnate 
revenue growth (Kennedy, 2021). 


Performance Outlook Data 
Domestic Total healtl 


Revenue IVA Establishments Enterprises Employment Exports Imports Wages Demand expenditure (' 
Year ($m) ($m) (Units) (Units) (Units) ($m) ($m) ($m) ($m) trillion 
2021 204,980 40,776 2,273 1,776 224,653 43,204 127,157 23,227 288,932 3.6 
2022 209,530 41,756 2,364 1,848 231,389 44,685 126,862 23,887 291,707 3.8) 
2023 213,336 42,702 2,448 1,916 237,413 45,608 128,522 24,471 296,250 3.91 
2024 217,562 43,722 2,535 1,986 243,814 46,598 130,574 25,096 301,538 401 
2025 221,727 44,661 2,627 2,060 250,250 47,578 132,569 25,722 306,718 42) 
2026 226,074 45,528 2,711 2,128 256,566 48,602 134,653 26,342 312,126 43) 
2027 230,720 46,414 2,802 2,201 263,412 49,694 136,894 27,013 317,920 45) 
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13. Industry Disruptors 
COVD-19 


The most recent and most prominent disruptive event is the current COVID-19 pandemic. Both 
MarketLine and IBISWorld both agree that the damage done by the pandemic has disrupted the 
logistical supply chain for raw materials needed for the industry to manufacture its products (2020; 
Kennedy, 2021). Another result of this, has been the decrease in patients visiting their doctors, which 
also disrupts the prescribing of medications (Bloomberg, 2020). 


It should also be noted that another potentially disruptive event caused by the pandemic may be in the 
government approval process of the vaccine. As the reports both indicate that revenue growth can be 
impeded by the bottleneck of government approval -- as the process has not modernized to take into 
account dramatic increase in competition and research expenses (MarketLine, 2020; Kennedy, 2021). 
Operation Warp Speed, a program from a joint venture of the Department of Health and Human 
Services and the Department of Defense to develop a COVID-19 vaccine can be viewed as a potential 
blueprint for reforming the approval process going forward (Slaoui & Hepburn, 2020). With this 
program, the inefficiency of the FDA approval process has been acknowledged, and a restructuring of it 
has intrinsically changed the way the government supports and distributes pharmaceuticals (Slaoui & 
Hepburn, 2020). 


LOSS OF PATENT EXCLUSIVITY 


The major disruptor that is guaranteed to occur would be in the loss of patent exclusivity. The top 
companies have been aware of this for years and have diversified their product offerings and invested 
heavily in R&D to create the next big thing (Kennedy, 2021). This has also created an incredibly 
competitive environment that has led to increased mergers and acquisitions from the top players in the 
industry (Kennedy, 2021). The furthering of this activity and the slowdown of efficient R&D to develop 
newer and more profitable products has already disrupted the expected revenues of the industry as 
both MarketLine and IBISWorld show stagnating projections for the next five years (2020; Kennedy, 
2021). As this disruption has begun there are no concrete estimations to view if these economic 
activities will continue or if they will be sustainable after the next five years. 


FUTURE OF PHARMACEUTICAL MANUFACTURING 


One of the largest and potentially most disruptive technologies within the pharmaceutical industry that 
has not received as much attention due to the pandemic and the vaccine rollout may be in the 
innovations in manufacturing. With additive manufacturing (AM), also known as 3D printing, the 
pharmaceutical, as well as the overall healthcare industry has the potential to be transformed by the 
way drugs are prescribed and developed by this technology (Liang et al., 2019). The innovation is in the 
ability for these 3D printed drugs to allow flexibility in manufacturing that would allow the medicine to 
be tailor-made for a specific individual's anatomy Liang et al., 2019). These medications may not 
available in the near-future, as more refinements are needed, but as the FDA has approved the first 3D 
printed drugs in 2015, as the technology continues to be refined and better utilized, the potential for a 
cataclysmic industry-wide shift in drug manufacturing could be on the horizon (Liang et al., 2019). 
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14. Recent Events 


As one of the biggest manufacturers and distributors of health, beauty products, and pharmaceutical 
products in the United States our company Johnson & Johnson had brought new healthcare advances 
into the industry of health and pharmacy, but our biggest change has been their COVID-19 vaccine. In 
June 2020, Johnson & Johnson was actively working in the trial for the SARS-CoV-2 vaccine in efforts to 
expedite the production of the much-needed one-dose vaccine into the market. (PR Newswire, June 
2020).This article provide ore details about the vaccine efforts made Johnson & Johnson. 
http://libproxy.usc.edu/login?url=https://www-proquest-com.libproxy1.usc.edu/wire-feeds/johnson- 





amp-announces-acceleration-covid-19/docview/2411058331/se-2 ?accountid=14749 


Among other mergers and acquisitions, In 2020 Johson & Johnson acquired Momenta Pharmaceuticals. 
Inc Massachusetts-based pharmaceutical company that specializes in research and developmental 
services. | had attached the acquisition number for this transaction Deal No. 1941425351. Among other 
issues that had affected the company is a major lawsuit in which the company has settled over 2,000 
lawsuits brought against by state and cities claiming that our company contributed to the opioid crisis by 
“overselling the benefits of its painkillers” (Liu, 2021). The company has set aside around $4 billion to 
settle this lawsuit but is adding an additional billion to resolve this matter. This lawsuit can represent a 
major setback in our company. 

Among many other changes, our company has been actively involved in the production of the COVID-19 
vaccine, SARS-CoV-2. After several side effect cases and the pause of the vaccine, now Howard Zucker 
said for the vaccine to return effective immediately after an 11-day federal suspension. Both the 
suspension of the vaccine and its return affect the company. The COVID-19 pandemic and the rapid 
development of the single-dose vaccine have been one of the biggest changes for our company but also 
our competitors in the industry. 
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DATA AND STATISTICS 





In recent years many aspects of the United States economy have changed. The household 
incomes had changed and the same with the industry. The COVID-19 pandemic has affected 
the industry and the consumers. Ahead you can find several resources that can provide you 
with an outlook of the median household in the United States in the past years and how the 
pandemic-induced recession has affected the industry. 











15. Data and Statistics for Johnson & Johnson 


Pharmaceuticals companies as large as Johnson & Johnson do not serve a specific market but they have 
products for different audiences. Our company manufactures and distributes materials and products for 
a different audience. The focus is to satisfy consumer needs. At this moment the company efforts are 
placed on the distribution of the COVID-19 vaccine SARS-CoV-2. For your report purposes understanding 
the consumer needs, household income information, employment information, and housing information 
can help our company focus on addressing the needs of the population like affordability for example. In 
recent years the landscape of the median income household has changed. Per the United States Census 
the U.S. median income is $61.937 per household in the united states (Semega, Kollar, Shrider, & 
Creamer. 2020. REPORT NUMBER P60-270, Census.gov). This census information is great to break down 
data about median household income in the united states 
(https://www.census.gov/library/publications/2020/demo/p60-270.html) 
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2018 Median Household Income in the 
United States 








Median household 
income 

EE $70,000 or higher 
GM $60,000 to $69,999 
GH $55,000 to $59,999 
Œ] $50,000 to $54,999 
C] Less than $50,000 


U.S. median is $61,937 


United States* U.S. Department of Commerce 


C ensus A AA Source: 2018 American Community Survey 
census.gov CENEL 5 
—— 


Bureau census.gov/acs 





Between 2018 and 2019, the real median earnings of all workers full-time and year-round workers 
increased by 1.4 percent and 0.8 percent. (Semega, Kollar, Shrider, & Creamer. 2020. REPORT NUMBER 
P60-270, Census.gov). 


The COVID-19 pandemic has affected households in the United States in many ways, including business, 
employment, schools, and more; resulting in a recession and loss of employment. This means the 
numbers may have changed from 2018. The census confirms that at least one member of the household 
experienced a loss of employment. This research provides data on the pandemic-induced recession; A 
recession that brought the economy of the United States into a standstill in a record time affecting 
different businesses including our industry. While our country is on recession and recovering from it, 
consumers may lower the consumption of non-vital items or products produced by our company. By 
reducing the demand of some of our products, our company's financial situation will be affected. For 
information on loss of employment income since March 2020, the Congressional research service have 


the census results on this topic (https://crsreports.congress.gov/product/pdf/IN/IN11457). 
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Figure |. Percentage of Adults in Households That Lost Employment Income Since 
March 2020, by 2019 Income Category 


With Children Under 18 No Children/Under 65 No Children/Age 65+ 


Less than $25,000 - pe | 65% 


59% 


$25,000 to $34,999 - 55% 


54% 


$35,000 10 $49,909 - III cox 
| CE; 


$50,000 to $74,999 - 5% 


$75,000 to $99,999 - EAN 51% 


$100,000 to $149,999 - 


$150,000 to $199,999 - 


$ 
x 


$200,000 or more - 





Source: CRS tabulations of U.S. Census Bureau’s Household Pulse survey for September 30 through October 12, 2020. 


16. Government and Census Data 


In march 2020 National Bureau of economic research (NBER) announced that the nation entered into 
recession.With the economy activity skidded to a halt, resulted in loss of employment and gross 
domestic product (GDP) Almost a year after our country is on the road for recovery but the outlook of 
the economy has changed. | found several articles and reports that can give you an outlook into the 
economy predictions and vital information that can be beneficial for your report. The Congressional 
research service has created a report with essential information in this topic. 
(https://crsreports.congress.gov/product/pdf/R/R46606). This report explains how in April 2020, the 
country’s unemployment rate peaked at 14.7%. Another important fact in this report is that the 
personal savings rate in the United States, increased to a peak 33.7%, this translates to higher savings 
rate into less consumption. The report provides a synopsis of the United States economy. 


The Congressional budget also created a report that provides information and data about the economic 
projections for 2021. This report explains how the economy activity was affected due the COVID-19 
pandemic and how is expected to recover from this major recession. 
https://www.cbo.gov/publication/56368. in this report we can find vital information about GDP and 
how it was affected by the recession. “Real consumer spending plunged 7.3 percent in March, 2020 as a 
result of reduced demands on goods and services. 


United States is the home of some of the biggest pharmaceutical companies in the world and despite 
the economy recession their sales has grown over the past 10 years. In 2020 Johnson & Johnson came to 
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a 82.6 billion dollars in sale. (https://www.statista.com/statistics/266403/total-revenue-of-johnson-und- 
johnson-since-2004/) this report made Statista.com provides a glimpse into the sales growth over the 
past decade. 
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Coronavirus to Create $39 Billion Vaccine Market and $10 
Billion Treatment Market in 2021 


Analyst Note Karen Andersen, CFA, Sector Strategist, 12 Jan 2021 

Following a year with more than 83 million reported cases and 1.8 million reported deaths globally due 
to COVID-19, 2021 begins as two newly authorized vaccines are distributed to high-priority populations 
in the United States and Europe. These mRNA vaccines from Pfizer/BioNTech and Moderna have set a 
high bar for efficacy and safety, and they appear poised to ramp up supply and dominate the U.S. 
market throughout the first half of the year, supporting a foundation for herd immunity in the U.S. by 
midyear. With additional support from Johnson & Johnson, Novavax, AstraZeneca, and Chinese and 
Russian vaccine programs, global herd immunity looks achievable by 2023. 


We expect $39 billion in COVID-19 vaccine sales in 2021, and we see Pfizer/BioNTech dominating the 
vaccine market with nearly $14 billion in 2021 sales. Although we remain skeptical of AstraZeneca's 
ability to penetrate the U.S. market due to mixed phase 3 data so far, we assume the U.S. will see 
sufficient supply from Pfizer/BioNTech, Moderna, Novavax (70% probability), and Johnson & Johnson 
(50% probability) to achieve herd immunity by mid-2021. We forecast over $10 billion in sales for newly 
authorized treatments in 2021, led by antibody treatments from Eli Lilly, Regeneron/Roche, and 
GlaxoSmithKline/Vir for mild/moderate patients and Merck's CD24Fe, Lilly's Olumiant, and Gilead's 
Veklury in hospitalized patients. 
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Sector Industry 
E Healthcare ee Several biopharma firms with COVID-19 treatments (Gilead, Roche, Glaxo, and Merck) look undervalued, 


- — based on strong potential for their core businesses. COVID-19 vaccine firms are generally fairly or 
Business Description 


Seer Pen Pa overvalued, although AstraZeneca and Pfizer trade at slight discounts to our fair value estimates. We do 
Pfizer is one of the world's largest pharmaceutical firms, 

with annual sales close to $50 billion. Pfizer also spends NOt include postpandemic (post-2023) sales for vaccines or treatments because of uncertainty around 

a leading amount on research and development, close to future transmission and competition, which results in limited impact on our valuations. 

$8 billion annually. While Pfizer historically sold many 

types of healthcare products and chemicals, now, Business Strategy & Outlook Damien Conover, CFA, Sector Director, 16 Nov 2020 

scription drugs and vaccines account for the majority 






pre Pfizer's foundation remains solid, based on strong cash flows generated from a basket of diverse drugs. 


of sales. Top sellers include pneumococcal vaccine i A oes a 5 z A 
. The company's large size confers significant competitive advantages in developing new drugs. This 
Prevnar 13, cancer drug Ibrance, cardiovascular 


treatment Eliquis, and immunology drug Xeljanz. Pfizer unmatched heft, combined with a broad portfolio of patent-protected drugs, has helped Pfizer build a 


sells these products globally, with international sales wide economic moat around its business. 

representing close to 50% of its total sales. Within 

international sales, emerging markets are a major Pfizer's size establishes one of the largest economies of scale in the pharmaceutical industry. In a 
contributor. 


business where drug development needs a lot of shots on goal to be successful, Pfizer has the financial 
resources and the established research power to support the development of more new drugs. Also, 
after many years of struggling to bring out important new drugs, Pfizer is now launching several 
potential blockbusters in cancer, heart disease, and immunology. 


Pfizer's vast financial resources support a leading salesforce. Pfizer's commitment to postapproval 
studies provides its salespeople with an armamentarium of data for their marketing campaigns. Further, 
Pfizer's leading salesforces in emerging countries position the company to benefit from the dramatically 
increasing wealth in nations such as Brazil, Russia, India, China, and Turkey. 


Pfizer's recent decision to divest its off-patent division Upjohn to create a new company (Viatris) in 
combination with Mylan should drive accelerating growth at the remaining innovative business at 
Pfizer. With limited patent losses and much less older drugs, the firm is poised for steady growth. 


Further, we believe Pfizer's operations can withstand the eventual generic competition, and the firm's 
diverse portfolio of drugs help insulate Pfizer from any one particular patent loss. Following the merger 
with Wyeth several years ago, Pfizer has a much stronger position in the vaccine industry with 
pneumococcal vaccine Prevnar. Vaccines tend to be more resistant to generic competition because of 
the manufacturing complexity and relatively lower prices, 


Bulls Say Damien Conover, CFA, Sector Director, 16 Nov 2020 

> Pfizer's pipeline productivity is improving with several successful recent drug launches. In particular, 
cardiovascular drug Vyndagel a potential game-changer in the rare disease area. 

> The stock supports a dividend yield of over 3% and we expect steady cash flows to support the dividend. 
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> Pfizer's decision to divest its off-patent division should result in a faster growing innovative company. 


Bears Say Damien Conover, CFA, Sector Director, 16 Nov 2020 


> Past aggressive cost-cutting in research and development could hurt Pfizer's long-term prospects given 


the importance of continued investment into innovation. 


> Merck's pipeline pneumococcal vaccine could take share from Pfizer's Prevnar 13 if Pfizer's next- 


generation vaccine fails in late-stage studies. 


> Several of Pfizer's late-stage pipeline drugs are entering crowded markets that may limit share gains 


due to the delayed entry. 


Economic Moat Damien Conover, CFA, Sector Director, 16 Nov 2020 


Patents, economies of scale, and a powerful distribution network support Pfizer's wide moat. Pfizer's 


patent-protected drugs carry strong pricing power that enables the firm to generate returns on invested 


capital in excess of its cost of capital. Further, the patents give the company time to develop the next 
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generation of drugs before generic competition arises. Additionally, while Pfizer holds a diversified 
product portfolio, there is some product concentration, with the company's largest product Prevnar 
representing just over 10% of total sales. However, we don't expect typical generic competition for the 
vaccine due to complex manufacturing and relatively low prices for the product. Further, we expect new 
products will mitigate the eventual generic competition of other key drugs. Also, Pfizer's operating 
structure allows for cost-cutting following patent losses to reduce the margin pressure from lost high- 
margin drug sales. Overall, Pfizer's established product line creates the enormous cash flows needed to 
fund the average $800 million in development costs per new drug. In addition, the company's powerful 
distribution network sets up the company as a strong partner for smaller drug companies that lack 
Pfizer's resources. Pfizer's entrenched consumer and vaccine franchises create an added layer of 
competitive advantage, stemming from brand power in consumer healthcare and manufacturing cost 
advantages in the vaccines division. Pfizer recently created a consumer healthcare joint venture with 
GlaxoSmithKline that could lead to an eventual divestment of the unit, but the potential divestment 


shouldn't have a material impact on the company's moat. 


Fair Value and Profit Drivers Damien Conover, CFA, Sector Director, 16 Nov 2020 

We are lowering our Pfizer fair value to $40 from $42.50 following the divestment of the older 
established Upjohn products. While the Upjohn products represented close to 15% of total sales, the 
drugs are largely declining as generic competition is eroding pricing power and market share. Also, 
Viatris (the new name of Mylan plus Upjohn) paid Pfizer $12 billion following the spin-off, further 
reducing the impact to our fair value of new Pfizer due to the divestment. 


In looking at the core business of Pfizer, we expect 8% annual sales growth between 2020 and 2023 as 
new drugs offset generic competition. Also, we expect Pfizer's COVID-19 vaccine sales will create very 
strong growth in 2021, but likely weigh on growth by 2023 as competitive vaccines erode pricing and 
demand for Pfizer's vaccine. On the bottom line we project a slightly healthier annual growth rate during 
the next three years as cost-cutting plans and share buybacks take shape. We don't model 
unannounced acquisitions, but acquisitions hold the potential to accelerate the company's growth rate. 
Over the long term, we believe the more diversified lineup of drugs should reduce the volatility of 
earnings. Also, we anticipate restructuring efforts will help alleviate some margin pressure, as some 
high-margin products lose exclusivity. From a cost of capital perspective, we estimate Pfizer's cost of 
equity at 7.5% and weighted average cost of capital at 7%, in line with the peer group. 


Risk and Uncertainty Damien Conover, CFA, Sector Director, 16 Nov 2020 

Pfizer faces generic competition, potential drug pricing policy changes by governments, an increasingly 
stringent FDA, and stronger managed-care and pharmacy benefit manager negotiating power. New 
drug development has become challenging in several disease areas with a more risk-conscious FDA. 
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Additionally, managed-care companies and pharmacy benefit managers have grown stronger during the 
past two decades into powerful entities that can negotiate lower drug prices. Although more remote, 
litigation risks remain, as evidenced by Merck's high settlement costs involving Vioxx. Also, several of 
Pfizer's pipeline drugs are reaching markets behind competitors, which may increase the risk of 
commercialization failure and put downward pricing pressure on the drugs if the clinical data lacks 
positive differentiation. On the branded competition front, Merck is working to develop a next- 
generation pneumococcal vaccine that covers 15 valents, which could threaten Pfizer's Prevnar 13, 
which covers two fewer valents. However, overall we view Pfizer's uncertainty as low based on the low 
volatility of cash flows from a diverse product portfolio with inelastic demand. Despite all the 
competitive dynamics and evolving macro landscape, we rate Pfizer's overall uncertainty at low, given 


its large and diverse product portfolio. 


Capital Allocation Damien Conover, CFA, Sector Director, 16 Nov 2020 

We rate Pfizer's overall stewardship as Standard. While the company has made many poor capital- 
allocation decisions over the past decade, the current management team appears to be focusing on 
significantly better uses of cash, including share buybacks and dividends. Also, the decisions to sell the 
nutritional and animal healthcare businesses appear to have created value for shareholders. Also, we 
like the strategic decision to form a joint venture with GlaxoSmithKline on the consumer healthcare 
front, giving both firms more scale in the marketplace. On the M&A front, the recent acquisition of Array 
looks strategically sound and the price looks reasonable. However, the high price paid for Medivation 
and the failed attempts to acquire AstraZeneca and Allergan are concerning. 


At the beginning of 2019, Albert Bourla became CEO, following several positions at Pfizer. Before taking 
the leadership role, Bourla was the chief operating officer and led the innovative health division. Bourla 
brings over 25 years of experience at Pfizer with him to the top position. Bourla's vast experience should 
help his decision-making. One of the first major decisions Bourla made was to divest the off-patent 
business, combining it with Mylan. The remaining innovative business should be in a stronger position 
to grow top-line sales. Also, the newly created off-patent business should have increased scale that is 
important in the highly competitive generic business. Overall, we view this corporate restructuring as a 
modest positive that will allow both the innovative and off-patent companies more focus to drive better 


returns for each segment. 


Analyst Notes Archive 


Likely Democrat Senate Control Ups Potential for New Drug Policies, but Major Changes Look 
Unlikely Damien Conover, CFA, Sector Director, 6 Jan 2021 
With the Democrats being very close to winning the remaining two Senate seats in the Georgia runoffs, 
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we expect the Biden administration will seek to implement further healthcare reforms. However, with 
such a slim possible majority in the Senate, we expect significant compromises that will likely lead to 
watered-down drug policy changes. We continue to view the biopharma group as undervalued with 
strong underlying fundamentals, but we expect lingering concern about drug policy changes to weigh 
on the industry's valuations. 

Even with the likely Democratic control of Congress and the executive branch, we expect more- 
moderate policy changes to U.S. drug prices. We believe the most likely U.S. drug policy change will 
focus on the out-of-pocket payments for patients in the catastrophic phase in Medicare Part D. With the 
current system requiring seniors to pay close to 5% of costs of very expensive drugs, patients can be on 
the hook for over $5,000 per year. With bipartisan support for addressing these costs along with some 
industry support, we expect policies to change the cost structure, with the drug companies picking up 
some of these expenses. This change would probably affect the industry by only 2% on the top line but 
reduce a major voter complaint of high out-of-pocket costs for specialty drugs and could remove the 
constant threat of drug pricing reform that has weighed on the group's valuation multiples for many 
years. Although less likely, we also see the potential for inflation caps in Medicare Part D, which could 
have a 3% negative effect on the top line of this sector. However, we continue to believe that more 
controlling U.S. drug pricing policies, such as international reference pricing (pricing U.S. drugs at a 
similar rate to other developed markets) and Medicare drug negotiation, look unlikely to survive such a 


narrow margin of Democratic power in the Senate. 


FDA Supports Emergency Use Authorization for Pfizer and BioNTech’s COVID-19 Vaccine as 
Expected Damien Conover, CFA, Sector Director, 13 Dec 2020 

The Food and Drug Administration provided emergency use authorization, or EUA, for Pfizer and partner 
BioNTech’s COVID-19 vaccine BNT162b2 on Dec. 11, only a day after a positive FDA advisory committee 
meeting, which supports our over EUR 13 billion in expected sales for the vaccine in 2021. However, we 
are not changing our fair value for either Pfizer or BioNTech as the EUA was largely expected. We 
believe the vaccine’s incredible speed to market reinforces the firms’ innovative power behind Pfizer's 
wide moat and BioNTech’s positive moat trend. 

Based on the vaccine’s strong efficacy (95%) and no major safety issues, we had expected emergency 
authorization. We expect full approval (under the more typical biologics license application process) in 
the middle of the first half of 2021, pending supportive final data (including six months of safety data for 
several thousand patients). We believe the initial strong efficacy and low rates of adverse events bode 
well for longer term follow up. 

While cold temperate delivery challenges are present with the vaccine (BNT162b2 needs storage at - 
70°C+10°C), we expect Pfizer and BioNTech to overcome the issue with special temperature shipping. 
The companies continue to expect to produce 50 million doses in 2020 and 1.3 billion doses in 2021, all 
of which we expect to sell out. Pfizer is also guiding to 40% of the 2021 expected supply in the first half 


of the year, with 100 million doses expected to go to the U.S. by March. 
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We expect strong COVID-19 vaccine competition from Moderna (already reported excellent efficacy data 
and likely to receive an EUA in December), J&J, AstraZeneca, Sanofi, GlaxoSmithKline and many more, 
which will likely significantly stem the pandemic, but also reduce the profitability of the COVID-19 
vaccine market. We expect the pricing power of the vaccines to be low with so many potential 
competitors, especially with several receiving government funding and stating a commitment to low 
vaccine pricing. 


Implementation of Trump's Recent Efforts to Affect Drug Pricing Seems Unlikely Damien Conover, 
CFA, Sector Director, 23 Nov 2020 

President Donald Trump issued several orders on Nov. 20 designed to lower U.S. drug prices, but we 
don’t expect implementation of the orders due to legal challenges, lack of support from the U.S. 
Congress and the new Biden administration, and unclear financial impacts. As a result, we don't expect 
any major impact on the U.S. pricing power of drugs, a core pillar of the moats and valuations in the 
drug industry. 

One of the White House directives focused on pricing 50 of the largest Medicare B drugs (hospital- 
administered drugs) at the lowest levels paid by developed countries. While this would significantly 
affect U.S. prices, as we estimate drug pricing in the United States is close to double prices in 
developed markets, we expect valid industry legal challenges to stop this order. The order doesn't 
appear to have followed the normal legal process and instead was rushed out for Trump to enact the 
policy before leaving office. Additionally, we believe the rule is difficult to implement without legislative 
support from Congress. Further, we don't expect the Biden administration to focus initially on U.S. drug 
pricing, especially in the form of these recent proposals that lack full legal and congressional support. 
A second White House directive targeted the elimination of pricing rebates in the U.S. drug system, an 
entrenched system that is very complex to undo through presidential order, especially without a clear 
analysis of financial implications. While we expect the drug industry to support the removal of rebates 
as drug firms only receive payments excluding rebates, we expect the payer groups will oppose the rule, 
given the importance of rebates in payer strategies. With a high degree of uncertainty regarding the 
impact on the federal budget, we expect the payer groups will be successful in stopping this effort to 
repeal drug price rebating. 


Pfizer/BioNTech Post Confirmatory COVID-19 Vaccine Data; Near-Term Emergency Authorization 
Likely Damien Conover, CFA, Sector Director, 18 Nov 2020 

Pfizer and partner BioNTech reported strong final data from the phase 3 study with COVID-19 vaccine 
BNT162b2, supporting an efficacy rate of 95% (previously reported over 90% at interim analysis) with no 
major safety issues observed. We continue to project the vaccines probability of full approval at 90%, 
supporting sales projections of EUR 13 billion in 2021. We don't expect any major changes to our fair 
value estimates for Pfizer or BioNTech. The relatively rapid development of the vaccine reinforces the 
innovative power behind Pfizer's wide moat and BioNTech’s positive moat trend. 
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With strong efficacy and no major safety issues, we expect emergency authorization by early December 
following a Food and Drug Administration advisory committee meeting. We expect full approval in the 
first half of 2021 pending supportive final safety data. We believe the strong efficacy and low rates of 
adverse events bode well for approval and eventual utilization of the vaccine. The only grade 3 adverse 
events seen in frequency above 2% were fatigue (3.8%) and headache (2.0%), rates fairly similar to the 
general flu vaccine. Also, the large BNT162b2 study (over 40,000 patients) with a wide range of patient 
backgrounds (including age) should support widespread usage. We expect delivery challenges 
(BNT162b2 needs storage at -70 C + 10 C) to be overcome with special-temperature shipping. Pfizer 
expects to produce 50 million doses in 2020 and up to 1.3 billion doses by the end of 2021; we expect all 
doses produced to sell out. 

We expect strong COVID-19 vaccine competition from Moderna (already reported excellent efficacy 
data), Johnson & Johnson, AstraZeneca, Sanofi, GlaxoSmithKline, and many more, which will likely 
significantly stem the pandemic but also reduce the profitability of the market. We expect the vaccines' 
pricing power to be low with so many competitors, especially with several receiving government 
funding and stating a commitment to low vaccine pricing. 


Following Regulatory Clearance, Pfizer Ready to Spin Off Legacy Upjohn Products Damien Conover, 
CFA, Sector Director, 9 Nov 2020 

With Pfizer's recent clearance from the U.S. Federal Trade Commission for the combination of the firm's 
older established drugs (Upjohn) with Mylan, we expect Pfizer's divestment of Upjohn (in the form of a 
spin-off) to close at the end of the day on Nov. 13, in line with the company’s expectations. Following 
the spin-off, the remaining Pfizer company will be a more focused innovative drug firm with no major 
legacy drugs that tend to decline over time. The increased focus on new drugs should keep Pfizer's wide 
moat intact, buoyed by a strong drug portfolio with less near-term patent exposure. 

We expect our new Pfizer fair value estimate will drop just under 10% following the spin-off. While the 
Upjohn products represent close to 15% of total sales, the drugs are largely declining as generic 
competition is eroding pricing power and market share. Also, Viatris (the new name of Mylan plus 
Upjohn) will pay Pfizer $12 billion following the spin-off, further reducing the impact to our fair value of 
new Pfizer due to the divestment. Additionally, we expect the combined dividend from the new Pfizer 
entity and Viatris to equal the current dividend of Pfizer. 

While we don't expect the transaction to create much value, the new Pfizer company will be able to 
focus more on innovative drugs with one of the best pipelines the firm has had in many years. In looking 
at the next three years, we are most bullish on immunology drugs abrocitinib and ritlecitinib, vaccine 
Prevnar 20, cancer drug Lorbrena, and rare disease drugs. Additionally, while we don't expect strong 
cashflows from Pfizer's COVID-19 vaccine over the long term due to competitive pricing likely to emerge 
from other vaccines in 2021, the recent strong interim data suggest a high likelihood the vaccine will 
reach the market for emergency use in late 2020 followed by initial robust sales. 
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Pfizer and BioNTech Report Strong COVID-19 Vaccine Data, Setting Up Likely 2020 Emergency Use 
Damien Conover, CFA, Sector Director, 9 Nov 2020 

Pfizer and partner BioNTech reported favorable phase 3 data on COVID-19 vaccine BNT162b2, with an 
efficacy rate of over 90% and no major safety issues observed at an interim analysis. We are increasing 
the vaccine’s probability of approval to 90% from 60% in our model, supporting sales projections of EUR 
13 billion in 2021. The more favorable outlook increases our fair value estimate for BioNTech to $65 from 
$56, but the update has only a small impact on Pfizer's valuation, as the vaccine’s economics are split 
between the partners, and we expect competition from other vaccines to erode its demand and pricing 
power by 2023. Nevertheless, the quick development of the vaccine reinforces the firms’ innovative 
power and Pfizer's wide moat along with BioNTech’s positive moat trend. 

With the vaccine’s efficacy over 90% and no major safety issues observed, we believe the regulatory 
agencies are likely to authorize it for emergency use in late 2020, followed by full approval in 2021 
pending supportive final data. The U.S. Food and Drug Administration has said it would need at least 
50% efficacy to approve a COVID-19 vaccine, and BNT162b2 clearly passes this threshold. Further, the 
lack of major safety issues should reassure regulators and the general public. With manufacturing 
ramping up, the firms expect to produce up to 1.3 billion doses in 2021. 

The vaccine should engender strong goodwill for the companies, but because of the likely heavy 
competition, we view it as only moderately helpful for valuation. With strong competitors like Moderna, 
Johnson & Johnson, AstraZeneca, Sanofi, GlaxoSmithKline, and many more, we expect the pricing 
power of the vaccines to be low, especially with several companies receiving government funding and 
stating a commitment to low pricing. However, we expect the quick development of vaccines to enable 
the biopharma industry to gain goodwill with governments and help in discussions around any drug 
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Morningstar Historical Summary 
Financials as of 30 Sep 2020 
Fiscal Vear, ends 31 Dec 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 YTD TM 
Revenue (USD Mil) 61,035 54,657 51,584 49605 48851 52,824 52546 53,647 51,750 — 35961 48,649 
Revenue Growth % 63 -10.5 -5.6 -3.8 -1.5 8.1 -0.5 21 -3.5 = -7.9 83 
EBITDA (USD Mil) 22,188 20,419 23540 19,137 15321 15,294 19844 19585 25,266 — 14923 15,215 
EBITDA Margin % 36.4 374 45.6 38.6 314 29.0 378 36.5 488 = 415 13 
Operating Income (USD Mil) 16,808 17,074 16366 13499 12976 13710 14073 15045 13,921 = 10,950 12,935 
Operating Margin % 275 az 31.7 272 26.6 26.0 268 28.0 269 = 30.5 26.6 
Net Income (USD Mil) 10,009 14570 22,003 9,135 6,960 7,215 21,308 11,153 16,273 = 9,022 8,686 
Net Margin% 164 257 427 184 142 1437 46 208 N4 — 51 18 
Diluted Shares Outstanding (Mil) 7,870 7,508 6,895 6,424 6,257 6,159 6,058 5,977 5,675 = 5,622 5,624 
Diluted Earnings Per Share (USD) 1.27 1.94 3.19 1.42 1.11 1.17 3.52 1.87 2.87 - 1.60 1.55 
Dividends Per Share (USD) 0.80 0.88 0.96 1.04 1.12 1.20 1.28 1.36 1.44 = 1.14 1.50 
Valuation as of 31 Dec 2020 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Recent Otr TIM 
Price/Sales 25 32 39 40 42 38 42 49 42 43 43 43 
Price/Earnings 170 199 20.3 19.2 243 325 224 110 137 238 238 23.8 
Price/Cash Flow 8.1 11.0 12.6 11.6 13.4 13.7 142 147 16.6 16.5 16.5 165 
Dividend Yield % 37 351 3.13 3.34 3.47 3.69 3.53 3.12 3.68 4.13 413 413 
Price/Book 18 22 25 25 30 31 36 35 33 31 31 3.1 
EV/EBITDA 80 92 84 104 142 148 122 143 103 00 0.0 0.0 
Operating Performance / Profitability as of 30 Sep 2020 
Fiscal Vear, ends 31 Dec 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 YTD TIM 
ROA % 52 78 12.3 54 42 43 124 67 10.0 — - 5.0 
ROE % 118 178 279 124 10.2 11.6 32.6 16.6 257 = = 13.3 
ROIC % 86 129 19.7 89 71 71 20.4 11.0 159 = = 8.0 
Asset Turnover 03 03 03 03 03 03 03 03 03 = = 03 
Financial Leverage 
Fiscal Year, ends 31 Dec 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Recent Qtr TIM 
Debt/Capital % 29.8 276 28.5 307 30.8 33.8 31.4 34.2 36.3 = 425 = 
Equity/Assets % 437 437 443 425 38.7 347 415 39.8 377 = 36.5 = 
Total Debt/EBITDA 18 18 1.6 19 25 27 21 21 21 = 41 = 
EBITDA/Interest Expense 13.2 13.4 16.6 14.1 128 129 15.6 149 16.1 Infinite 127 95 
Morningstar Analyst Historical/Forecast Summary as of 06 Jan 2021 
Financials Estimates Forward Valuation Estimates 

2018 2019 2020 2021 2022 

Fiscal Year, ends Dec 2018 2019 2020 2021 a oe re re aa ii a 
Revenue (USD Bil) 52 49 58 50 53 Price/Earnings 126 125 16 124 16 
Revenue Growth % -35 59 19.2 -13.4 47 Price/Cash Flow 208 75 17.4 10.8 13.1 
EBITDA (USD Bil) 20 22 23 21 23 Dividend Yield % 3.93 3.63 3.93 3.93 418 
EBITDA Margin % 385 447 402 427 428 Price/Book T = - a = 
Operating Income (USD Bil) 14 17 18 7 18 EVÆMTDA nI ns ny Wy ni 
Operating Margin % 26.9 34.6 31.4 33.5 34.2 
Net Income (USD Bil) 17 16 17 16 16 
Net Margin % 323 33.1 29.5 31.2 31.2 
Diluted Shares Outstanding (Bil) 6 6 6 5 5 
Diluted Earnings Per Share(USD) 2.95 287 3.10 2.89 3.08 
Dividends Per Share(USD) 1.46 1.30 141 141 1.50 
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Research Methodology for Valuing Companies 





Overview 

At the heart of our valuation system is a detailed projec- 
tion of a company’s future cash flows, resulting from our 
analysts’ research. Analysts create custom industry and 
company assumptions to feed income statement, balance 
sheet, and capital investment assumptions into our glob- 
ally standardized, proprietary discounted cash flow, or 
DCF, modeling templates. We use scenario analysis, inde- 
pth competitive advantage analysis, and a variety of other 
analytical tools to augment this process. Moreover, we 
think analyzing valuation through discounted cash flows 
presents a better lens for viewing cyclical companies, 
high-growth firms, businesses with finite lives (e.g., 
mines), or companies expected to generate negative 
earnings over the next few years. That said, we don't dis- 
miss multiples altogether but rather use them as support- 
ing cross-checks for our DCF-based fair value estimates. 
We also acknowledge that DCF models offer their own 
challenges (including a potential proliferation of estim- 
ated inputs and the possibility that the method may miss 
shortterm market-price movements), but we believe these 
negatives are mitigated by deep analysis and our 
longterm approach. 


Morningstar's equity research group (“we,” “our") be- 
lieves that a company’s intrinsic worth results from the 
future cash flows it can generate. The Morningstar Rating 
for stocks identifies stocks trading at a discount or premi- 
um to their intrinsic worth—or fair value estimate, in 
Morningstar terminology. Five-star stocks sell for the 
biggest risk adjusted discount to their fair values, where- 
as 1-star stocks trade at premiums to their intrinsic worth. 


Four key components drive the Morningstar rating: (1) our 
assessment of the firm's economic moat, (2) our estimate 
of the stock's fair value, (3) our uncertainty around that 
fair value estimate and (4) the current market price. This 
process ultimately culminates in our singlepoint star rat- 


1. Economic Moat 

The concept of an economic moat plays a vital role not 
only in our qualitative assessment of a firm's long-term 
investment potential, but also in the actual calculation of 
our fair value estimates. An economic moat is a structural 
feature that allows a firm to sustain excess profits over a 
long period of time. We define economic profits as re- 


turns on invested capital (or ROIC) over and above our es- 
timate of a firm's cost of capital, or weighted average 
cost of capital (or WACC). Without a moat, profits are 
more susceptible to competition. We have identified five 
sources of economic moats: intangible assets, switching 
costs, network effect, cost advantage, and efficient scale. 


Companies with a narrow moat are those we believe are 
more likely than not to achieve normalized excess returns 
for at least the next 10 years. Wide-moat companies are 
those in which we have very high confidence that excess 
returns will remain for 10 years, with excess returns more 
likely than not to remain for at least 20 years. The longer 
a firm generates economic profits, the higher its intrinsic 
value. We believe low-quality, no-moat companies will 
see their normalized returns gravitate toward the firm's 
cost of capital more quickly than companies with moats. 


When considering a company's moat, we also assess 
whether there is a substantial threat of value destruction, 
stemming from risks related to ESG, industry disruption, 
financial health, or other idiosyncratic issues. In this con- 
text, a risk is considered potentially value destructive if its 
occurrence would eliminate a firm's economic profit on a 
cumulative or midcycle basis. If we deem the probability 
of occurrence sufficiently high, we would not characterize 
the company as possessing an economic moat. 


To assess the sustainability of excess profits, analysts per- 
form ongoing assessments of the moat trend. A firm's 
moat trend is positive in cases where we think its sources 
of competitive advantage are growing stronger; stable 
where we don’t anticipate changes to competitive ad- 
vantages over the next several years; or negative when 
we see signs of deterioration. 


2. Estimated Fair Value 

Combining our analysts’ financial forecasts with the 
firm's economic moat helps us assess how long returns 
on invested capital are likely to exceed the firm’s cost of 
capital. Returns of firms with a wide economic moat rat- 
ing are assumed to fade to the perpetuity period over a 
longer period of time than the returns of narrow-moat 
firms, and both will fade slower than no-moat firms, in- 
creasing our estimate of their intrinsic value. 


Our model is divided into three distinct stages: 





Morningstar Equity Research Star Rating Methodology 
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Fundamental Analysis Valuation 


Price Morningstar 
Fair Value Rating™ For Stocks 
Uncertainty tO IO 
Margin of Safety 


Stage I: Explicit Forecast 

In this stage, which can last five to 10 years, analysts 
make full financial statement forecasts, including items 
such as revenue, profit margins, tax rates, changes in 
workingcapital accounts, and capital spending. Based on 
these projections, we calculate earnings before interest, 
after taxes (EBI) and the net new investment (NNI) to de- 
rive our annual free cash flow forecast. 


Stage Il: Fade 

The second stage of our model is the period it will take 
the company’s return on new invested capital—the re- 
turn on capital of the next dollar invested ("“RONIC”)—to 
decline (or rise) to its cost of capital. During the Stage II 
period, we use a formula to approximate cash flows in 
lieu of explicitly modeling the income statement, balance 
sheet, and cash flow statement as we do in Stage |. The 
length of the second stage depends on the strength of 
the company’s economic moat. We forecast this period to 
last anywhere from one year (for companies with no eco- 
nomic moat) to 10-15 years or more (for wide-moat com- 
panies). During this period, cash flows are forecast using 
four assumptions: an average growth rate for EBI over the 
period, a normalized investment rate, average return on 
new invested capital (RONIC), and the number of years 
until perpetuity, when excess returns cease. The invest- 
ment rate and return on new invested capital decline un- 
til a perpetuity value is calculated. In the case of firms 
that do not earn their cost of capital, we assume marginal 
ROICs rise to the firm's cost of capital (usually attribut- 
able to less reinvestment), and we may truncate the 
second stage. 


Stage Ill: Perpetuity 

Once a company’s marginal ROIC hits its cost of capital, 
we calculate a continuing value, using a standard per- 
petuity formula. At perpetuity, we assume that any 
growth or decline or investment in the business neither 
creates nor destroys value and that any new investment 
provides a return in line with estimated WACC. 


Because a dollar earned today is worth more than a dollar 
earned tomorrow, we discount our projections of cash 
flows in stages |, Il, and Ill to arrive at a total present 
value of expected future cash flows. Because we are 
modeling free cash flow to the firm—representing cash 
available to provide a return to all capital providers—we 
discount future cash flows using the WACC, which is a 
weighted average of the costs of equity, debt, and pre- 
ferred stock (and any other funding sources), using ex- 
pected future proportionate long-term, market-value 
weights. 


3. Uncertainty Around That Fair Value Estimate 


Morningstar's Uncertainty Rating captures a range of 
likely potential intrinsic values for a company and uses it 
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to assign the margin of safety required before investing, 
which in turn explicitly drives our stock star rating system. 
The Uncertainty Rating represents the analysts’ ability to 
bound the estimated value of the shares in a company 
around the Fair Value Estimate, based on the character- 
istics of the business underlying the stock, including oper- 
ating and financial leverage, sales sensitivity to the over- 
all economy, product concentration, pricing power, expos- 
ure to material ESG risks, and other company-specific 
factors. 


Analysts consider at least two scenarios in addition to 
their base case: a bull case and a bear case. Assumptions 
are chosen such that the analyst believes there is a 25% 
probability that the company will perform better than the 
bull case, and a 25% probability that the company will 
perform worse than the bear case. The distance between 
the bull and bear cases is an important indicator of the 
uncertainty underlying the fair value estimate. In cases 
where there is less than a 25% probability of an event, 
but where the event could result in a material decline in 
value, analysts may adjust the uncertainty rating to re- 
flect the increased risk. Analysts may also make a fair 
value adjustment to reflect the impact of this event. 


Our recommended margin of safety widens as our uncer- 
tainty of the estimated value of the equity increases. The 
more uncertain we are about the estimated value of the 
equity, the greater the discount we require relative to our 
estimate of the value of the firm before we would recom- 
mend the purchase of the shares. In addition, the uncer- 
tainty rating provides guidance in portfolio construction 
based on risk tolerance. 


Our uncertainty ratings for our qualitative analysis are 
low, medium, high, very high, and extreme. 





Margin of Safety 
Qualitative Analysis 
Uncertainty Ratings ekkekRating Rating 
Low 20% Discount 25% Premium 
Medium 30% Discount 35% Premium 
High 40% Discount 55% Premium 
Very High 50% Discount 75% Premium 
Extreme 75% Discount 300% Premium 
4. Market Price 


The market prices used in this analysis and noted in the 
report come from exchange on which the stock is listed 
which we believe is a reliable source. 


For more details about our methodology, please go to 
https://shareholders.morningstar.com. 


Morningstar Star Rating for Stocks 
Once we determine the fair value estimate of a stock, we 
compare it with the stock's current market price on a 
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daily basis, and the star rating is automatically re-calcu- 
lated at the market close on every day the market on 
which the stock is listed is open. Our analysts keep close 
tabs on the companies they follow, and, based on thor- 
ough and ongoing analysis, raise or lower their fair value 
estimates as warranted. 


Please note, there is no predefined distribution of stars. 
That is, the percentage of stocks that earn 5 stars can 
fluctuate daily, so the star ratings, in the aggregate, can 
serve as a gauge of the broader market's valuation. When 
there are many 5-star stocks, the stock market as a whole 
is more undervalued, in our opinion, than when very few 
companies gamer our highest rating. 


We expect that if our base-case assumptions are true the 
market price will converge on our fair value estimate over 
time generally within three years (although it is im- 
possible to predict the exact time frame in which market 
prices may adjust). 


Our star ratings are guideposts to a broad audience and 
individuals must consider their own specific investment 
goals, risk tolerance, tax situation, time horizon, income 
needs, and complete investment portfolio, among other 
factors. 


The Morningstar Star Ratings for stocks are defined be- 
low: 

eke tot ee We believe appreciation beyond a fair risk ad- 
justed return is highly likely over a multiyear time frame. 


Scenario analysis developed by our analysts indicates 
that the current market price represents an excessively 
pessimistic outlook, limiting downside risk and maximiz- 
ing upside potential. 


* x We believe appreciation beyond a fair risk-ad- 
justed return is likely. 


*xx Indicates our belief that investors are likely to re- 
ceive a fair risk-adjusted return (approximately cost of 
equity). 


*x We believe investors are likely to receive a less than 
fair risk-adjusted return. 


* Indicates a high probability of undesirable risk-adjus- 
ted returns from the current market price over a multiyear 
time frame, based on our analysis. Scenario analysis by 
our analysts indicates that the market is pricing in an ex- 
cessively optimistic outlook, limiting upside potential and 
leaving the investor exposed to Capital loss. 


Other Definitions 
Last Price: Price of the stock as of the close of the mar- 
ket of the last trading day before date of the report. 


Capital Allocation Rating: Our Capital Allocation (or 
Stewardship) Rating represents our assessment of the 
quality of management's capital allocation, with particu- 
lar emphasis on the firm's balance sheet, investments, 
and shareholder distributions. Analysts consider compan- 
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ies’ investment strategy and valuation, balance sheet 
management, and dividend and share buyback policies. 
Corporate governance factors are only considered if they 
are likely to materially impact shareholder value, though 
either the balance sheet, investment, or shareholder dis- 
tributions. Analysts assign one of three ratings: "Exem- 
plary", "Standard", or "Poor". Analysts judge Capital Alloc- 
ation from an equity holder's perspective. Ratings are de- 
termined on a forward looking and absolute basis. The 
Standard rating is most common as most managers will 
exhibit neither exceptionally strong nor poor capital alloc- 
ation. 


Capital Allocation (or Stewardship) analysis published pri- 
or to Dec. 9, 2020, was determined using a different pro- 
cess. Beyond investment strategy, financial leverage, and 
dividend and share buyback policies, analysts also con- 
sidered execution, compensation, related party transac- 
tions, and accounting practices in the rating. 


Risk Warning 

Please note that investments in securities are subject to 
market and other risks and there is no assurance or guar- 
antee that the intended investment objectives will be 
achieved. Past performance of a security may or may not 
be sustained in future and is no indication of future per- 
formance. A security investment return and an investor's 
principal value will fluctuate so that, when redeemed, an 
investor's shares may be worth more or less than their 
original cost. A security's current investment performance 
may be lower or higher than the investment performance 
noted within the report. Morningstar's Uncertainty Rating 
serves as a useful data point with respect to sensitivity 
analysis of the assumptions used in our determining a fair 
value price. 


General Disclosure 

Unless otherwise provided in a separate agreement, re- 
cipients accessing this report may only use it in the coun- 
try in which the Morningstar distributor is based. Unless 
stated otherwise, the original distributor of the report is 
Morningstar Research Services LLC, a U.S.A. domiciled 
financial institution. 


This report is for informational purposes only and has no 
regard to the specific investment objectives, financial 
situation or particular needs of any specific recipient. This 
publication is intended to provide information to assist in- 
stitutional investors in making their own investment de- 
cisions, not to provide investment advice to any specific 
investor. Therefore, investments discussed and recom- 
mendations made herein may not be suitable for all in- 
vestors: recipients must exercise their own independent 
judgment as to the suitability of such investments and re- 
commendations in the light of their own investment ob- 


jectives, experience, taxation status and financial posi- 
tion. 


The information, data, analyses and opinions presented 
herein are not warranted to be accurate, correct, com- 
plete or timely. Unless otherwise provided in a separate 
agreement, neither Morningstar, Inc. or the Equity Re- 
search Group represents that the report contents meet all 
of the presentation and/or disclosure standards applic- 
able in the jurisdiction the recipient is located. 


Except as otherwise required by law or provided for in a 
separate agreement, the analyst, Morningstar, Inc. and 
the Equity Research Group and their officers, directors 
and employees shall not be responsible or liable for any 
trading decisions, damages or other losses resulting from, 
or related to, the information, data, analyses or opinions 
within the report. The Equity Research Group encourages 
recipients recipients of this report to read all relevant is- 
sue documents (e.g., prospectus) pertaining to the secur- 
ity concerned, including without limitation, information 
relevant to its investment objectives, risks, and costs be- 
fore making an in vestment decision and when deemed 
necessary, to seek the advice of a legal, tax, and/or ac- 
counting professional. 


The Report and its contents are not directed to, or inten- 
ded for distribution to or use by, any person or entity who 
is a citizen or resident of or located in any locality, state, 
country or other jurisdiction where such distribution, pub- 
lication, availability or use would be contrary to law or 
regulation or which would subject Morningstar, Inc. or its 
affiliates to any registration or licensing requirements in 
such jurisdiction. 


Where this report is made available in a language other 
than English and in the case of inconsistencies between 
the English and translated versions of the report, the Eng- 
lish version will control and supersede any ambiguities 
associated with any part or section of a report that has 
been issued in a foreign language. Neither the analyst, 
Morningstar, Inc., or the Equity Research Group guaran- 
tees the accuracy of the translations. 


This report may be distributed in certain localities, coun- 
tries and/or jurisdictions (“Territories”) by independent 
third parties or independent intermediaries and/or distrib- 
utors (“Distributors”). Such Distributors are not acting as 
agents or representatives of the analyst, Morningstar, 
Inc. or the Equity Research Group. In Territories where a 
Distributor distributes our report, the Distributor is solely 
responsible for complying with all applicable regulations, 
laws, rules, circulars, codes and guidelines established by 
local and/or regional regulatory bodies, including laws in 
connection with the distribution third-party research re- 
ports. 


Conflicts of Interest 

» No interests are held by the analyst with respect to the 
security subject of this investment research report. 

> Morningstar, Inc. may hold a long position in the secur- 
ity subject of this investment research report that ex- 
ceeds 0.5% of the total issued share capital of the se- 
curity. To determine if such is the case, please click 
http://msi.morningstar.com and 
http://mdi.moringstar.com. 

» Analysts’ compensation is derived from Morningstar, 
Inc.'s overall earnings and consists of salary, bonus 
and in some cases restricted stock. 

> Neither Morningstar, Inc. or the Equity Research Group 
receives commissions for providing research nor do 
they charge companies to be rated. 

» Neither Morningstar, Inc. or the Equity Research Group 
is a market maker or a liquidity provider of the security 
noted within this report. 

> Neither Morningstar, Inc. or the Equity Research Group 
has been a lead manager or co-lead manager over the 
previous 12-months of any publicly disclosed offer of 
financial instruments of the issuer. 

» Morningstar, Inc.'s investment management group 
does have arrangements with financial institutions to 
provide portfolio management/investment advice some 
of which an analyst may issue investment research re- 
ports on. However, analysts do not have authority over 
Morningstar's investment management group's busi- 
ness arrangements nor allow employees from the in- 
vestment management group to participate or influ- 
ence the analysis or opinion prepared by them. 

> Morningstar, Inc. is a publicly traded company (Ticker 
Symbol: MORN) and thus a financial institution the se- 
curity of which is the subject of this report may own 
more than 5% of Morningstar, Inc.'s total outstanding 
shares. Please access Morningstar, Inc.'s proxy state- 
ment, “Security Ownership of Certain Beneficial Own- 
ers and Management” section http://investorrelations. 
morningstar.com/sec.cfm?doctype=Proxy&year=&x=12. 

» Morningstar, Inc. may provide the product issuer or its 
related entities with services or products for a fee and 
on an arms’ length basis including software products 
and licenses, research and consulting services, data 
services, licenses to republish our ratings and research 
in their promotional material, event sponsorship and 
website advertising. 


Further information on Morningstar, Inc.'s conflict of in- 
terest policies is available from 
https://shareholders.morningstar.com. Also, please note 
analysts are subject to the CFA Institute's Code of Ethics 
and Standards of Professional Conduct. 


For a list of securities which the Equity Research Group 
currently covers and provides written analysis on please 
contact your local Morningstar office. In addition, for his- 
torical analysis of securities covered, including their fair 
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value estimate, please contact your local office. 


For Recipients in Australia: This Report has been issued 
and distributed in Australia by Morningstar Australasia 
Pty Ltd (ABN: 95 090 665 544; ASFL: 240892). Morning- 
star Australasia Pty Ltd is the provider of the general ad- 
vice (‘the Service’) and takes responsibility for the produc- 
tion of this report. The Service is provided through the re- 
search of investment products. 


To the extent the Report contains general advice it has 
been prepared without reference to an investor's object- 
ives, financial situation or needs. Investors should con- 
sider the advice in light of these matters and, if applic- 
able, the relevant Product Disclosure Statement before 
making any decision to invest. Refer to our Financial Ser- 
vices Guide (FSG) for more information at 
http://www.morningstar.com.au/fsg.pdf. 


For Recipients in Hong Kong: The Report is distributed 
by Morningstar Investment Management Asia Limited, 
which is regulated by the Hong Kong Securities and Fu- 
tures Commission to provide services to professional in- 
vestors only. Neither Morningstar Investment Manage- 
ment Asia Limited, nor its representatives, are acting or 
will be deemed to be acting as an investment profession- 
al to any recipients of this information unless expressly 
agreed to by Morningstar Investment Management Asia 
Limited. For enquiries regarding this research, please con- 
tact a Morningstar Investment Management Asia Limited 
Licensed Representative at https://shareholders.morning- 
star.com. 


For recipients in India: This Investment Research is is- 
sued by Morningstar Investment Adviser India Private 
Limited. Morningstar Investment Adviser India Private 
Limited is registered with the Securities and Exchange 
Board of India (Registration number !NA000001357) and 
provides investment advice and research. Morningstar In- 
vestment Adviser India Private Limited has not been the 
subject of any disciplinary action by SEB! or any other leg- 
al/regulatory body. Morningstar Investment Adviser India 
Private Limited is a wholly owned subsidiary of Morning- 
star Investment Management LLC. In India, Morningstar 
Investment Adviser India Private Limited has one asso- 
ciate, Morningstar India Private Limited, which provides 
data related services, financial data analysis and software 
development. The Research Analyst has not served as an 
officer, director or employee of the fund company within 
the last 12 months, nor has it or its associates engaged in 
market making activity for the fund company. 


“The Conflicts of Interest disclosure above also applies to 
relatives and associates of Manager Research Analysts in 
India # The Conflicts of Interest disclosure above also ap- 
plies to associates of Manager Research Analysts in In- 
dia. The terms and conditions on which Morningstar In- 


vestment Adviser India Private Limited offers Investment 
Research to clients, varies from client to client, and are 
detailed in the respective client agreement. 


For recipients in Japan: The Report is distributed by Ib- 
botson Associates Japan, Inc., which is regulated by Fin- 
ancial Services Agency. Neither Ibbotson Associates Ja- 
pan, Inc., nor its representatives, are acting or will be 
deemed to be acting as an investment professional to any 
recipients of this information. 


For recipients in Singapore: For Institutional Investor 
audiences only. Recipients of this report should contact 
their financial professional in Singapore in relation to this 
report. Morningstar, Inc., and its affiliates, relies on cer- 
tain exemptions (Financial Advisers Regulations, Section 
32B and 32C) to provide its investment research to recipi- 
ents in Singapore. 
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Pfizer is preparing "for the summer" a version of its most diluted anti-Covid vaccine that can be stored for months at 
the temperature of a normal refrigerator, the pharmaceutical company's executive chairman announced friday. 


In an interview with French news agency AFP, Albert Bourla explained that the new version aims to facilitate its use and 
storage, which currently requires to stay in a -70° centigrade environment. 


"We are working on a much improved formula, with which the vaccine will be supplied already diluted and ready for 
use," he said, adding that this new version "can be stored for two or three months in a refrigerator, [at the temperature] 
of two to eight degrees, plus two to three months in a conventional freezer." 


"We think we can have the new version this summer," he said. 
Pfizer is also trying to modify the current formula to make it easier to use. 


"We're trying to see if we can extend your cooling time by taking the vaccine from a superfreezer to -70 degrees and 
putting it in a classic refrigerator at -20 degrees for a month," he said. 


limitations and even suspensions due to some cases of blood clotting in people they have been administered to, 
Pfizer's chief executive is confident in the effectiveness of his formula. 


"I am optimistic about our ability to control" the variant of covid-19 shaded in India, he said. 


"We already have data on the 'British variant’, which is for example prominent in Israel, and the effectiveness of the 
vaccine is 97%. In South Africa, against the ‘local variant’, it is 100% effective. And data from Brazil show that it 
provides very good control over the ‘Brazilian variant’," he said. 


"We have developed a process so that as soon as a variant is cause for concern, we can have an effective vaccine in 
100 days," said Albert Bourla. 


all the doses here in Europe we can produce much more than the volume of this contract," he said. 


"In total, we should be able to produce 2.5 billion doses this year and exceed 3 billion next year. Europe, with its 
experts linked to new technologies, is the ideal environment" for this advance, he concluded. 
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Developing Safe and Effective Covid Vaccines 
— Operation Warp Speed’s Strategy and Approach 


Moncef Slaoui, Ph.D., and Matthew Hepburn, M.D. 


nnounced on May 15, Operation Warp Speed 

(OWS) — a partnership of the Department 

of Health and Human Services (HHS), the De- 
partment of Defense (DOD), and the private sector 


— aims to accelerate control of 
the Covid-19 pandemic by ad- 
vancing development, manufactur- 
ing, and distribution of vaccines, 
therapeutics, and diagnostics. OWS 
is providing support to promising 
candidates and enabling the ex- 
peditious, parallel execution of the 
necessary steps toward approval 
or authorization of safe products 
by the Food and Drug Adminis- 
tration (FDA). 

The partnership grew out of 
an acknowledged need to funda- 
mentally restructure the way the 
U.S. government typically sup- 
ports product development and 
vaccine distribution. The initiative 
was premised on setting a “stretch 
goal” — one that initially seemed 
impossible but that is becoming 
increasingly achievable. 

The concept of an integrated 
structure for Covid-19 counter- 


measure research and develop- 
ment across the U.S. government 
was based on experience with 
Zika and the Zika Leadership 
Group led by the National Insti- 
tutes of Health (NIH) and the 
assistant secretary for prepared- 
ness and response (ASPR). One 
of us (M.S.) serves as OWS chief 
advisor. We are drawing on ex- 
pertise from the NIH, ASPR, the 
Centers for Disease Control and 
Prevention (CDC), the Biomedical 
Advanced Research and Develop- 
ment Authority (BARDA), and the 
DOD, including the Joint Program 
Executive Office for Chemical, 
Biological, Radiological and Nu- 
clear Defense and the Defense 
Advanced Research Projects Agen- 
cy. OWS has engaged experts in 
all critical aspects of medical 
countermeasure research, develop- 
ment, manufacturing, and dis- 


tribution to work in close coor- 
dination. 

The initiative set ambitious 
objectives: to deliver tens of mil- 
lions of doses of a SARS-CoV-2 
vaccine — with demonstrated 
safety and efficacy, and approved 
or authorized by the FDA for use 
in the U.S. population — begin- 
ning at the end of 2020 and to 
have as many as 300 million doses 
of such vaccines available and de- 
ployed by mid-2021. The pace and 
scope of such a vaccine effort are 
unprecedented. The 2014 West AF 
rican Ebola virus epidemic spurred 
rapid vaccine development, but 
though preclinical data existed 
before the outbreak, a period of 
12 months was required to prog- 
ress from phase 1 first-in-human 
trials to phase 3 efficacy trials. 
OWS aims to compress this time 
frame even further. SARS-CoV-2 
vaccine development began in Jan- 
uary, phase 1 clinical studies in 
March, and the first phase 3 trials 
in July. Our objectives are based 
on advances in vaccine platform 
technology, improved understand- 
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ing of safe and efficacious vaccine 
design, and similarities between 
the SARS-CoV-1 and SARS-CoV-2 
disease mechanisms. 

OWS’s role is to enable, accel- 
erate, harmonize, and advise the 
companies developing the select- 
ed vaccines. The companies will 
execute the clinical or process 
development and manufacturing 
plans, while OWS leverages the 
full capacity of the U.S. govern- 
ment to ensure that no technical, 
logistic, or financial hurdles hin- 
der vaccine development or de- 
ployment. 

OWS selected vaccine candi- 
dates on the basis of four crite- 
ria. We required candidates to have 
robust preclinical data or early- 
stage clinical trial data support- 
ing their potential for clinical 
safety and efficacy. Candidates 
had to have the potential, with 
our acceleration support, to enter 
large phase 3 field efficacy trials 
this summer or fall (July to No- 
vember 2020) and, assuming con- 
tinued active transmission of the 
virus, to deliver efficacy outcomes 
by the end of 2020 or the first 
half of 2021. Candidates had to 
be based on vaccine-platform tech- 
nologies permitting fast and ef 
fective manufacturing, and their 
developers had to demonstrate 
the industrial process scalability, 
yields, and consistency necessary 
to reliably produce more than 100 
million doses by mid-2021. Final- 
ly, candidates had to use one of 
four vaccine-platform technologies 
that we believe are the most like- 
ly to yield a safe and effective 
vaccine against Covid-19: the 
mRNA platform, the replication- 
defective live-vector platform, the 
recombinant-subunit-adjuvanted 
protein platform, or the attenuat- 
ed replicating live-vector platform. 

OWS’s strategy relies on a few 
key principles. First, we sought to 
build a diverse project portfolio 


DEVELOPING SAFE AND EFFECTIVE COVID VACCINES 


that includes two vaccine candi- 
dates based on each of the four 
platform technologies. Such diver- 
sification mitigates the risk of 
failure due to safety, efficacy, 
industrial manufacturability, or 
scheduling factors and may per- 
mit selection of the best vaccine 
platform for each subpopulation 
at risk for contracting or trans- 
mitting Covid-19, including older 
adults, frontline and essential 
workers, young adults, and pediat- 
ric populations. In addition, ad- 
vancing eight vaccines in parallel 
will increase the chances of de- 
livering 300 million doses in the 
first half of 2021. 

Second, we must accelerate vac- 
cine program development with- 
out compromising safety, efficacy, 
or product quality. Clinical devel- 
opment, process development, and 
manufacturing scale-up can be 
substantially accelerated by run- 
ning all streams, fully resourced, 
in parallel. Doing so requires 
taking on substantial financial 
risk, as compared with the con- 
ventional sequential development 
approach. OWS will maximize the 
size of phase 3 trials (30,000 to 
50,000 participants each) and op- 
timize trial-site location by con- 
sulting daily epidemiologic and 
disease-forecasting models to en- 
sure the fastest path to an effi- 
cacy readout. Such large trials 
also increase the safety data set 
for each candidate vaccine. 

With heavy up-front invest- 
ment, companies can conduct 
clinical operations and site prep- 
aration for these phase 3 efficacy 
trials even as they file their In- 
vestigational New Drug applica- 
tion (IND) for their phase 1 stud- 
ies, thereby ensuring immediate 
initiation of phase 3 when they 
get a green light from the FDA. 
To permit appropriate compari- 
sons among the vaccine candi- 
dates and to optimize vaccine 


utilization after approval by the 
FDA, the phase 3 trial end points 
and assay readouts have been 
harmonized through a collabora- 
tive effort involving the National 
Institute of Allergy and Infectious 
Diseases (NIAID), the Coronavi- 
rus Prevention Network, OWS, 
and the sponsor companies. 

Finally, OWS is supporting the 
companies financially and tech- 
nically to commence process de- 
velopment and scale up manufac- 
turing while their vaccines are in 
preclinical or very early clinical 
stages. To ensure that industrial 
processes are set, running, and 
validated for FDA inspection when 
phase 3 trials end, OWS is also 
supporting facility building or 
refurbishing, equipment fitting, 
staff hiring and training, raw- 
material sourcing, technology 
transfer and validation, bulk prod- 
uct processing into vials, and ac- 
quisition of ample vials, syringes, 
and needles for each vaccine can- 
didate. We aim to have stock 
piled, at OWS’s expense, a few 
tens of millions of vaccine doses 
that could be swiftly deployed 
once FDA approval is obtained. 

This strategy aims to acceler- 
ate vaccine development without 
curtailing the critical steps re- 
quired by sound science and reg- 
ulatory standards. The FDA re- 
cently reissued guidance and 
standards that will be used to as- 
sess each vaccine for a Biologics 
License Application (BLA). Alter- 
natively, the agency could decide 
to issue an Emergency Use Au- 
thorization to permit vaccine ad- 
ministration before all BLA pro- 
cedures are completed. 

Of the eight vaccines in OWS’s 
portfolio, six have been announced 
and partnerships executed with 
the companies: Moderna and 
Pfizer/BioNTech (both mRNA), 
AstraZeneca and Janssen (both 
replication-defective live-vector), 
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and Novavax and Sanofi/GSK (both 
recombinant-subunit-adjuvanted 
protein). These candidates cover 
three of the four platform tech- 
nologies and are currently in clin- 
ical trials. The remaining two 
candidates will enter trials soon. 

Moderna developed its RNA 
vaccine in collaboration with the 
NIAID, began its phase 1 trial in 
March, recently published encour- 
aging safety and immunogenicity 
data,’ and entered phase 3 on 
July 27. Pfizer and BioNTech’s 
RNA vaccine also produced en- 
couraging phase 1 results? and 
started its phase 3 trial on July 
27. The ChAdOx replication-defec- 
tive live-vector vaccine developed 
by AstraZeneca and Oxford Uni- 
versity is in phase 3 trials in the 
United Kingdom, Brazil, and South 
Africa, and it should enter U.S. 
phase 3 trials in August.’ The 
Janssen Ad26 Covid-19 replication- 
defective live-vector vaccine has 
demonstrated excellent protection 
in nonhuman primate models 
and began its U.S. phase 1 trial 
on July 27; it should be in phase 3 
trials in mid-September. Novavax 
completed a phase 1 trial of its 
recombinant-subunit-adjuvanted 
protein vaccine in Australia and 
should enter phase 3 trials in the 
United States by the end of Sep- 
tember.* Sanofi/GSK is complet- 
ing preclinical development steps 
and plans to commence a phase 1 


DEVELOPING SAFE AND EFFECTIVE COVID VACCINES 


trial in early September and to be 
well into phase 3 by year’s end.° 

On the process-development 
front, the RNA vaccines are al- 
ready being manufactured at scale. 
The other candidates are well ad- 
vanced in their scale-up develop- 
ment, and manufacturing sites 
are being refurbished. 

While development and manu- 
facturing proceed, the HHS-DOD 
partnership is laying the ground- 
work for vaccine distribution, sub- 
population prioritization, financ- 
ing, and logistic support. We are 
working with bioethicists and 
experts from the NIH, the CDC, 
BARDA, and the Centers for Medi- 
care and Medicaid Services to 
address these critical issues. We 
will receive recommendations 
from the CDC Advisory Commit- 
tee on Immunization Practices, 
and we are working to ensure 
that the most vulnerable and at- 
risk persons will receive vaccine 
doses once they are ready. Priori- 
tization will also depend on the 
relative performance of each vac- 
cine and its suitability for partic- 
ular populations. Because some 
technologies have limited previ- 
ous data on safety in humans, 
the long-term safety of these vac- 
cines will be carefully assessed 
using pharmacovigilance surveil- 
lance strategies. 

No scientific enterprise could 
guarantee success by January 2021, 


but the strategic decisions and 
choices we’ve made, the support 
the government has provided, 
and the accomplishments to date 
make us optimistic that we will 
succeed in this unprecedented 
endeavor. 


Disclosure forms provided by the authors 
are available at NEJM.org. 
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Ar unprecedented effort is 
under way to rapidly develop 
Covid-19 vaccines, with pharma- 
ceutical companies, academic re- 
searchers, and government agen- 
cies aiming to compress into 


several months a process that 
typically requires at least several 
years. This work is supported by 
extraordinary public and private 
investments and by newly created 
entities such as Operation Warp 


Evaluating and Deploying Covid-19 Vaccines — The Importance 
of Transparency, Scientific Integrity, and Public Trust 


Jason L. Schwartz, Ph.D. 


Speed. Concurrent with clinical 
testing of vaccine candidates, new 
mechanisms are being estab- 
lished to expedite manufacturing 
ahead of a future vaccination 
campaign. Critical decisions will 
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Pandemic disrupts drugmakers, other health businesses 


Bloomberg News 


The health care industry is grappling 
with a slow-paced recovery from the 
early days of the coronavirus pandemic, 
as many people continue to avoid doc- 
tors’ offices and a new surge in infections 
spreads across the U.S. 

For drugmakers, the pandemic has 
squeezed demand for everything from 
childhood vaccines to smoking-cessation 
drugs and diabetes treatments. When the 
virus took root in the U.S. this spring, 
many doctors and patients put off routine 
and elective care, leading to fewer pre- 
scriptions for a range of medicines. Sales 
also slumped for drugs used in surgeries or 
to treat cancer. 

Pfizer Inc. said Tuesday that irs third- 
quarter sales were reduced by $500 mil- 
lion, or 4%, due to the effects of the virus. 
While the company said it wasn’t hit as 
hard as feared in the early days of the pan- 
demic, sss recovery has been slower than 
it t 

Meanwhile, Eli Lilly and Co. posted 
earnings and revenue that fell short of 
forecasts. The company saw U.S. pricing 
head winds to its top diabetes products as 
the pandemic caused millions of Ameri- 
cans who lost health care coverage from 
employers to turn to Medicaid, the public 
health insurance program for those with 
low incomes. 

The larger-than-expected Medicaid 
segment caused the sales brought in from 
the blockbuster drug Trulicity to cool, 
Lilly executives said. The company typi- 
cally reaps more from commercial insurers 
and Medicare's prescription drug benefit, 
known as Part D. 

At the same time, Merck & Co. was 
hurt by lower sales of vaccines during the 
back-to-school season, though the com- 
pany still beat analysts’ earnings and rev- 
enue expectations. Sales of the HPV vac- 
cine Gardasil, one of Merck’s top-selling 
products, beat analyst forecasts, but were 
down 10% compared with a year earlier. 

Merck took an estimated $475-million 
hit related to the pandemic in the quarter, 
“mostly in our vaccines portfolio,” Chief 
Financial Officer Rob Davis said on a call 
with analysts. 

“We're seeing a broad recovery of 
pharma sales, but not everywhere,” said 
Bernstein analyst Ronny Gal. Gardasil, 
for instance, is “probably one that recovers 
late” because its use is tied to the return 
of in-person schooling and can be easily 
delayed, he said. 


Liz Weston: 


By Liz Weston 
NerdWallet 


If the Supreme Court throws out the 
Affordable Care Act, your finances and 
your future could pay the price. 

Retiring early or starting a business 
might become too hazardous if your access 
to health insurance isn’t guaranteed. You 
might have to wait a year before preexist- 
ing conditions are covered by an employer's 
plan. Millions of people who buy insur- 
ance through the ACA marketplaces or 
who now qualify for Medicaid could lose 
their coverage as well. 

Even if you were able to keep your 
health insurance, you could face caps on 





f 
Eli Lilly and Co. saidt it sees U.S. pricing head winds to its top diabetes products as the pandemic caused millions of Americans who lost health care coverage 
trom employers to turn to Medicaid, the public health insurance program for those with low incomes. (Photo courtesy of Eli Lilly and Co.) 








How long pandemic-related slowdowns 
in pharmaceutical sales will last, mean- 
while, “depends a lot on how we get out 
of it,” he said. 

Drugmakers underlined that they 
expect business to improve as time goes 
on, but a surge in coronavirus infections 
and the advent of flu season could make 
the future harder to predict. 

New cases have been rising across the 
U.S., raising fears that hospital capacity in 
many areas could be strained. If care pro- 
viders are forced to turn away more non- 
virus patients, that could throw upbeat 
forecasts into doubt. 

Some health-care companies have 
seen their profits climb as a result of 
the ic. 
Lab-testing giant Laboratory Corp of 
America Holdings, a major processor 
of COVID-19 tests, posted better-than- 
expected earnings and revenue oñ Tues- 
day, and the company said it would return 
millions of dollars in federal CARES Act 
funding it had received, and reinstate 


LabCorp’s non-COVID testing business 
also rebounded from the pandemic, though 
it was still down about 9% in the quarter. 

Health insurers too have benefited, as 
they continue to collect premium revenue 
even as the amount paid out in medical 


your coverage that expose you to enor 
mous medical bills. Preventive care and 
birth control could cost you more. Medi- 
care beneficiaries could face higher pre- 
miums, deductibles and copays. Insurers 
could cancel your policy retroactively for 
even minor mi ‘on your application. 

In the decade since the ACA became 
law, many Americans have become so 
accustomed to the protections and sav- 
ings afforded by the landmark legislation 
that they may not realize how much could 
change if Obamacare is struck down. Its 
effects on health care are so pervasive that 
nearly every American could be affected, 
according to the Kaiser Family Foundation. 


claims declined. Centene Corp., which 
posted better-than-expected third-quarter 
revenue on Tuesday, said it's seen some 
medical care rebound. The company paid 
about $2 billion in COVID-related claims 
through the end of September. 

“The effect of the COVID-19 pandemic 
includes lower traditional medical utiliza- 
tion, partially offset by higher testing and 
treatment costs associated with COVID- 
19,” the company said in its earnings 
release. It also raised its 2020 earnings 
guidance, reflecting a tax benefit in the 
third quarter. 

Centene said in a filing that it still 

expects the pandemic to slightly benefir 

results this year, though the company 
the uncertainties 

ing COVID-19. 

There are broader economic shock 
waves of the virus that may be beneficial 
for Centene over the long term as well. The 
insurer focuses on governmentsponsored 
health plans including Medicaid and the 
Affordable Care Act marketplaces, which. 
are expected to see increased enrollment 
from people losing job-based coverage. 

Centene said it added 1.3 million mem- 
bers in those businesses between March 
30 and Sept. 30. 

Yet the fiscal pressures for state govern- 
ments may also affect what they pay their 


The return of preexisting conditions 

The Trump administration and a group 
of Republican attorneys general have 
asked that the entire law be thrown out. 
The Supreme Court is scheduled to hear 
oral arguments on Nov. 10. 

Before the ACA, insurers routinely used 
preexisting health itions as a reason 
to deny coverage or charge people more. 
Preexisting conditions included serious 
ailments such as cancer or heart disease 
as well as more common conditions such 
as high cholesterol, high blood pressure, 
asthma, diabetes and obesity, and tem- 

porary conditions including pregnancy. 
Insurers denied about 1 in 5 applications 


Medicaid health-plan contractors, particu- 
larly if medical claims remain below the 
typical level. States have already applied 
retroactive rate adjustments and other pol- 
icies that could lower payment to insurers. 

Pharmaceutical companies expect that 
people will continue to steadily return to 
doctors’ offices in the months ahead. 

Lilly said that it expects that expanded 
telehealth will help business get back to 
normal levels, while Merck, which sells - 
many drugs that are administered by doc- 
tors, said access to health-care providers 
has improved since the spring. 

In the meantime, companies will be 
faced with the lingering effects of the 
pandemic’s initial wave. 

Pfizer wrote in its earnings release that 
COVID-19 had reduced wellness visits in 
the U.S. and also lowered demand for cer 
tain products in China. 

Sales of Pfizer's smoking-cessation drug 
Chantix, for instance, were down 19% in 
the U.S. while there was lower demand 
in China for certain anti-infective prod- 
ucts because of fewer elective surgeries and 
na infection control compared to 


ger in the company’s Upjohn business, 
which sells many of its older blockbuster 
drugs like the cholesterol fighter Lipitor, 
were down 18% from a year earlier.e 


How losing Obamacare could cost you personally 


for individual policies because of preex- 
isting conditions, and some employer- 
provided group policies required people to 
wait up to a year before their preexisting 
conditions were covered. 

Back then, many people who had health 
issues—or whose family members did— 
avoided changing jobs, starting businesses 
or retiring early because of the risk they 
couldn't find affordable health insurance. 

President Trump signed an executive 
order in September announcing “a stead- 
fast commitment to always protecting 
individuals with preexisting conditions,” 
but the order alone can't force insurers to 

See OBAMACARE, Next Page 
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Is 3D Printing of Pharmaceuticals a Disruptor or Enabler? 


Kun Liang, Davide Brambilla,* and Jean-Christophe Leroux* 


Additive manufacturing (AM) is a fast-growing manufacturing approach 

that comes with the promise of delivering personalized medicine to treat 
individual patients. However, large-scale commercial applications in the 
pharmaceutical industry have been limited. Here, some of the challenges 

are discussed along with some pharmaceutical products where AM has the 
potential to make a tangible impact and pave the way for more rapid adoption 


are highlighted. 


Additive manufacturing (AM), or 3D printing as it is commonly 
known, is a rapidly expanding prototyping and manufacturing 
set of technologies that has sparked great interest in the recent 
years and impacted commercial production in many sectors 
including aerospace, automotive, and healthcare. In the field 
of pharmaceutical sciences, the main AM approaches include 
fused deposition modeling (FDM), semisolid extrusion (SSE), 
stereolithography (SLA), and material jetting (MJ), in which 
objects are constructed based on virtual blueprints designed 
using a computer software, via deposition, polymerization, or 
binding of materials in successive layers. 










2.31 It is expected that the 
last two factors would bring us closer toward the grand vision 
for healthcare—personalized medicine, i.e., the tailoring of the 
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drug combinations and concentrations to 
individual requirements and the shape of 
any printed devices to specifically match 
one’s anatomy. Nevertheless, several 
important challenges have to be overcome to 
realize the full potential of pharmaceu- 
tical AM (Figure 1). The aim of this Essay 
thus is to present our views on the areas 
in pharmaceutics where we envision 3D 
printing has the most direct path to rapid 
mainstream adoption. 

Thus far, in the area of pharmaceutical products, AM of 
oral formulations has been the most extensively investigated. 
Various groups have fabricated solid oral dosage forms using 
3D printing and demonstrated the ability to encapsulate mul- 
tiple drugs with varying dosages, print shapes with compli- 
cated internal structures, as well as control the release profiles 
of each constituent.?°] These advances have led to the propo- 
sition of a polypilll§—a tablet containing customized doses of 
several medicines can be tailored to each patient, in response 
to physical attributes, metabolic activity and severity of dis- 
ease. It is then hypothesized that in the not too distant future, 
pharmacists could print a once-daily personalized polypill for 
the patient instead of dispensing a medicine cocktail, based on 
the doctor’s prescriptions stored in an online database. This 
would be particularly beneficial for patients suffering from 
multiple ailments as their pill burdens and the likelihood of 
dosing mistakes may be reduced.!7] However many hurdles 
stand in the way of this vision. At the research level, the cur- 
rent AM approaches preclude the usage of many drugs as rela- 
tively high temperatures or photoirradiation are applied.) 
Furthermore, to deliver 3D-printed personalized tablets on 
a commercial scale, the current supply chain has to be trans- 
formed to allow on-site AM preparations at the compounding/ 
local pharmacies. The existing pharmaceutical companies will 
have to change their incumbent manufacturing practice from 
mass to individualized production, which would probably lead 
to an unsustainable increase in expenditure. A set of standard- 
ized manufacturing protocols for each formulation will also 
have to be introduced to ensure production consistency. In 
addition, from a practical standpoint, the time taken to fabri- 
cate complex tablets by AM (=10-50 per hour) will need to be 
drastically reduced to cater to the large number of patients who 
can be more efficiently served by the traditional tablet manu- 
facturing methods. Moreover, it would be challenging to imple- 
ment a blanket set of quality control and testing protocols on 
personalized polypills prepared in each pharmacy. Then there 
is the issue of liability in the scenario of adverse events—who 
among the drug manufacturer, software designer, or pharma- 
cist will be responsible? But the biggest obstacle by far is the 
absence of defined regulatory framework for such polypills. Yet 
many questions about the impact of AM technologies and their 
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process parameters on the performance of the drug or drug 
combinations in humans remain unanswered. To obtain regu- 
latory clearance for polypills, clinical trials may have to be rede- 
signed to consider variable drug doses and combinations, as 
different drugs may counteract one another or accentuate unde- 
sirable side effects. Evidently much research is still needed to 
address the regulatory challenges of this emerging technology 
for complex drug tablets. 

While 3D-printed polypills may not reach the market very 
soon, AM of oral dosages may see faster progress in some 
niche applications in which it merely changes the way the 
active ingredients are packaged (dosage internal structure or 
appearance). A case in point is the 3D-printed drug Spritam. 
Unlike a conventional powder-compacted tablet, it is manufac- 
tured by binder jetting in which fine drug particles are agglom- 
erated by a binding fluid to create a highly porous structure.” 
It is able to rapidly disintegrate in mouth without the need 
for water, making it ideal for epileptic patients who have dif- 
ficulty swallowing a pill." Following its initial success, Aprecia 
Pharmaceuticals is partnering with Cycle Pharmaceuticals to 
print other approved, orphan drugs using this technology,l"l 
However, it is noteworthy that, in this case the business model 
remains that of centralized manufacturing with AM merely as 
an alternative manufacturing platform, without patient-specific 
customization foreseen. Pediatric medicine is another area that 
AM could have an impact, as more patient-friendly forms of 
fast-releasing solid dosage forms with modulable designs could 
increase their appeal to children and improve their medication 
adherence.) Nonetheless, in all cases, the drugs that could 
be considered in this application should have well-established 
safety profiles, excellent stabilities, and their pharmacokinetics 
should not be affected by the changes in shape and size of the 
formulation. 
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Figure 1. The key issues to be addressed in order to implement the mainstream adoption of 


3D-printed pharmaceuticals. 
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Although most attention has been focused 
on oral dosages, it is our opinion that AM 
would likely have a more tangible impact 
on the manufacturing of pharmaceutical 
products in which geometrical personaliza- 
tion carefully adapted to the patient anatomy 
would represent a concrete improvement 
in treatment. For instance, AM has already 
been exploited to manufacture personal- 
ized implants or prostheses.!!213] In par- 
ticular, “internal” prostheses, meant to be 
in direct contact with internal body tissues/ 
organs, might strongly benefit from the addi- 
tion of active pharmaceutical compounds to 
reduce fibrosis or prevent bacterial infection. 
The most relevant examples could be drug- 
loaded stents. Although AM could in theory 
be used to print any kind of stent, vascular 
stents might not be suitable as their sizes 
are generally adjusted to the patients by 
expansion during the insertion. On the other 
hand, other classes of stents, such as airways 
stents, which need to adapt precisely to the 
patient anatomy might benefit more from 
AM. Furthermore, antifibrotic drugs can 
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also be incorporated in the stent to treat problematic fibrotic 
growth that usually occurs after implantation. More specifi- 
cally, 3D printing would be immensely advantageous for the 
manufacture of customized pediatric airway splints at various 
stages of development, where the growth of the patient has to 
be accommodated.!"4] Similarly, AM could allow the design of 
drug-embedded, personalized (shape and release properties) 
implants such as intrauterine contraceptive devicesl!5] and 
contact lenses.!!§ Apart from the customization of commer- 
cially available devices, AM could also offer the opportunity to 
generate new classes of pharmaceutical products. An example 
would be intraoral drug-releasing orthodontic appliances: e.g., 
mouthguards adapting to the dentition (akin to dental aligners) 
could be manufactured to provide a comfortable, sustained, and 
dose-personalized release of local-acting antiinflammatory/anti- 
fungal drugs for various topical oral diseases.!!718] Considering 
that 3D printing is already used in the fabrication process for 
dental applications,!"° incorporation of a pharmaceutical com- 
pound could be readily implemented in the manufacturing pro- 
cess. In addition, patient compliance of such familiar products 
with an additional drug delivery function would be less of a con- 
cern. Besides personalized device manufacture, another avenue 
where AM technology could be readily applicable is rapid pro- 
totyping. Indeed, 3D printing has recently been exploited for 
efficient prototyping of modified-release drug products for 
evaluation in animal models. 

Whether for production or rapid prototyping, the selec- 
tion of AM technologies represents a crucial consideration 
for the pharmaceutical product.?°.§l The main factors to con- 
sider in selecting the appropriate AM technology include the 
choice of printing materials and the drug to be incorporated, 
and the physical requirements of the final product. Safety of 
the printing materials is an obvious prerequisite for pharma- 
ceutical applications. The toxicity of photocurable resins used 
in SLA, which typically include a combination of methacrylate- 
based monomers, oligomers, diluents, and photoinitiator (PI), 
remains a concern. Thus, recent research efforts have been 
dedicated to developing more biocompatible and biodegrad- 
able resins such as soybean-oil-epoxidized”] and unsaturated 
polyesters!”3]; as well as exploring the usage of other PIs such 
as the natural compound riboflavin?*! or more recently of a 
Pl-free photocuring approach.!5) Similarly, solvent-free inkjet 
printing is investigated to address the risk of potential toxicity 
due to organic solvent usage in MJ.?4l On the other hand, ther- 
moplastic polymers used in FDM and SSE such as poly(lactic 
acid), poly(vinyl alcohol), and poly(N-vinylpyrrolidone), which 
are classified generally recognized as safe (GRAS) by FDA, gen- 
erally have better biocompatibilities for biomedical applications. 
In the case of biodegradable printing materials, assessment of 
degradation kinetics and the toxicity of possible degradation 
products are also required. Nevertheless, this evaluation process 
should be no different from the current practice already imple- 
mented for non-3D-printed pharmaceutical products or medical 
devices. The choice of the drug incorporated in the pharma- 
ceutical product is largely dependent on its stability against the 
printing conditions. As high temperatures are used in FDM, the 
choice of drugs is limited to those with high thermal stability. 
Furthermore, the risk of heat-induced amorphization of crystal- 
line drugs also has to be carefully evaluated.!§! Drugs considered 
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for SLA should be photostable and resistant to radical-induced 
damage during the polymerization reaction. A potential solu- 
tion to circumvent the issue of drug damage during printing 
could be post-manufacturing device coating; however, this adds 
a further step requiring standardization and will likely limit the 
ability to tune the drugs’ release properties, especially for sus- 
tained release formulations. Alternatively, MJ and SSE, which 
take place at ambient conditions, can also be employed to mini- 
mize drug degradation.!§271 In terms of the physical properties 
of the 3D-printed product, SSE generally suffer from relatively 
poor mechanical properties and spatial resolution, which could 
be improved by including a post-treatment crosslinking step.!?8! 
To enhance the robustness and definition of objects printed 
by MJ, the use of photocurable polymers as printing materials 
has also been explored.” Both FDM and SLA could be consid- 
ered for fabricating objects with greater mechanical strengths, 
although the high geometrical resolution requirement for 
devices such as stents, which possess highly intricate parts, 
can currently only be achieved by SLA.!3! While there still exist 
many technical difficulties for 3D printing of pharmaceutical 
products, we foresee that the development of new material and 
advances in the AM technologies can help to overcome these 
challenges in the future. 

One major obstacle to market 3D-printed pharmaceutical 
products such as drug-eluting devices is the lack of regulatory 
standards. Recently there have been some signs of progress 
in the regulatory aspects for the non-drug-containing coun- 
terparts. Although European Medical Device Directive has 
yet to issue regulations on 3D-printed medical devices, FDA 
has approved about 85 of such devices till 2016,?3° mostly 
either through the emergency use or the 510(k) pathway, i.e., 
substantially equivalent to a predicate device.!231] Nevertheless, 
none of those devices had a drug delivery function. Although 
there is a strong case to 3D print a customized device for emer- 
gency intervention when no existing devices fit the patient’s 
anatomy, the rationale of adding any drugs in this device has 
to be carefully evaluated to demonstrate the value in saving 
the patient’s life. On the other hand, another option is to 
bring 3D-printed devices to the clinic under the custom device 
exemption, although the limit of five such units manufactured 
per year would prohibit scale up production.04) In addition, 
FDA has published a technical guidance on 3D-printed devices 
in 2017, which suggested several important areas for review, 
including manufacturing information, key design parameters, 
variability across various AM platforms, and maintenance of 
complex patient data during conversions.!73] Although likely to 
evolve over time, these recommendations provide some basic 
guidelines that will facilitate the preparations to overcome regu- 
latory challenges in the future. 

In conclusion, the remarkable progress of AM technolo- 
gies has allowed for personalized production, which holds the 
potential to transform the existing model of medical care. How- 
ever, there has been limited large-scale application of AM in the 
pharmaceutical industry. As this field is still in its infancy with 
questions about process controllability, product reliability, and 
regulations, it is unlikely for AM to replace the traditional man- 
ufacturing technologies, but rather to play a complementary 
role. To accelerate the translation of 3D-printed pharmaceutical 
products into the market, our primary effort as pharmaceutical 
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scientists should be to focus on the identification of those prod- 
ucts that could reap tangible medical benefits from AM and the 
development of materials that can be used to fabricate them 
across various AM platforms. Moving forward, as we await 
greater clarity from FDA and other regulatory bodies, various 
stakeholders—researchers, drug companies, 3D-printing engi- 
neers, clinician, and pharmacists have to work together to navi- 
gate the tricky path toward the mass adoption of AM, bearing 
in mind the economical sustainability and worthiness of these 
efforts at the same time. Nevertheless, for now AM remains an 
indispensable tool that will enable innovative endeavors at the 
frontiers of science and engineering. 
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made up only 23 percent of total drug costs in the U.S. The 
U.S. Food and Drug Administration has taken the lead in 
encouraging increased competition in the nation's prescrip- 
tion drug marketplace, most recently with its release of the 
agency's Drug Competition Action Plan, but also with its 
regulatory guidance and enforcement efforts to eliminate 
“gaming” of the regulatory process by both branded and ge- 
neric pharmaceutical manufacturers. Such “gaming” activi- 
ties include “pay-for-delay” agreements involving financial 
compensation between branded and generic pharmaceutical 
manufacturers to forestall the emergence into the market 
of generic pharmaceuticals to compete against a formerly 
patent-protected branded drug. A combination of new 
enabling legislation, federal judicial guidance, and agency 
regulatory activities show promise in encouraging increased 
competition in the prescription drug marketplace, with the 
American consumer the ultimate beneficiary of lower health 
care costs and improved overall personal health. 
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A recent study published in the Journal of the American Medical Association (Kantor, Rehm, Haas, 
Han, & Giovannucci, 2015) found that, among American adults 20 years and older, 59 percent take at 
least one prescription drug on a regular basis. Unlike most branded drugs, which are generally drugs 
that have a trade name and are protected by a patent, off-patent generic drugs (that have the same 
bioequivalent active ingredients as the original patent protected, branded pharmaceutical) make up 
approximately 90 percent of prescriptions annually filled in the United States in 2017 (Association for 
Accessible Medicines, 2018). Furthermore, in 2017, generic drugs made up only 23 percent of total 
drug costs in the United States (Association for Accessible Medicines, 2018), thus providing generally 
low-cost relief for the overwhelming majority of Americans who are presently afflicted with a variety 
of long-term, health-related maladies. 

According to data retrieved from the Express Scripts Prescription Price Index (2017), between 
January 1, 2008 and January 2016, the price of branded drugs rose 208 percent to an average price 
per prescription of $307.86; in contrast, the price of generic drugs to U.S. consumers fell $26.27 to 
$114.38 per prescription. Moreover, according to the Association for Accessible Medicines (2018), 
generic drugs saved the U.S. healthcare system $1.65 trillion over the last decade (through 2017), 
with a 2017 annual savings of $265.1 billion. The U.S. Department of Health and Human Services 
(2016) reports “that decreases in generic drug prices have partially offset large increases in prices for 
brand drugs” and “that generic drug prices are not an important part of the drug cost problem facing 
the nation.” 

Yet, since 2010, the U.S. Government Accountability Office (GAO) (2016) found that prices of 
315 generic drugs had seen extraordinary price increases of “at least 100 percent.” The GAO (2016) 
report also notes that “drugs with extraordinary price increases moderated the overall decline in ge- 
neric drug prices” as generic drug prices declined 59 percent from the first quarter of 2010 through 
the second quarter of 2015. Thus, the impact of these extraordinary price increases is mitigated by the 
fact that the vast majority of the drugs that experienced these extraordinary price increases were not 
listed among the 100 most commonly used generic drugs listed under Medicare Part D (the focus of 
this GAO study). 


1 | GENERIC DRUG FEES AND REGULATORY 
REVIEW COSTS 


Since 2012, the U.S. Food and Drug Administration's (FDA) Office of Generic Drugs (OGD) has 
benefited from the passage of the Generic Drug User Fee Amendments (GDUFA). The GDUFA helps 
expedite the regulatory review process for generic pharmaceutical manufacturers, and the recently 
enacted FDA Reauthorization Act of 2017 includes the re-authorization of the Generic Drug User Fee 
Amendments for another 5 years (Berndt, Conti, & Murphy, 2018). In addition, industry-paid generic 
drug user fees will total $493 million in fiscal year 2018, up from $299 million in fiscal year 2013, 
the first year FDA collected user fees (Gafney, 2018). Generic user fees account for 7 percent of the 
FDA's annual budget and allow the FDA to hire more review staff and make infrastructure improve- 
ments (Gafney, 2018). The GDUFA keeps individual generic drug manufacturers assessments fees as 
low as possible to supplement appropriated funding and provide the FDA with the ability to perform 
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critical program review functions involving manufacturer facilities safety, consumer drug access, and 
transparency in the global pharmaceutical supply chain that would not otherwise occur (Berndt et al., 
2018). However, a common criticism of this Act is that such exorbitant fees charged by the FDA to 
regulate generic drug manufacturers has led to the dramatic increases in generic drug prices cited, for 
example, in the GAO report (U.S. Government Accountability Office, 2016). 

As part of its review, the GAO interviewed five generic pharmaceutical manufacturers, including 
major manufacturers Mylan, Sandoz, and Teva, as well smaller manufacturers G&W Laboratories, 
and Nephron Pharmaceuticals, to solicit their views on generic drug pricing (U.S. Government 
Accountability Office, 2016). The general response from these manufacturers was that competition 
is the major factor in generic drug pricing, meaning that company drug pricing is dependent on the 
price and availability of the bioequivalent drug of their competitors (U.S. Government Accountability 
Office, 2016). Generally, competition between branded and generic pharmaceutical manufacturers 
provides consumers tremendous savings. For example, when a generic pharmaceutical competitor 
enters the market against a branded pharmaceutical competitor, drug prices drop to 70 to 80 percent of 
the brand-name counterpart, and the generic competitor gains substantial share from the brand-name 
product in a short period (Congressional Budget Office, 1998). Subsequent generic entrants may enter 
at even lower prices—discounted 80 percent or more off the price of the brand-name drug—which, in 
turn, prompts the earlier generic entrants to reduce their prices further (Congressional Budget Office, 
1998). 

The GAO also found that generic drug prices could be negatively affected by supply disruptions to 
active pharmaceutical ingredients, production difficulties, consolidation among suppliers and buyers, 
and a backlog of new generic drug applications awaiting FDA review (Government Accountability 
Office, 2016). Nowhere, however, does the GAO mention the “exorbitant fees” assessed by the FDA 
for regulatory review to be a factor in the dramatic price increases listed by the surveyed generic 
drug manufacturers. Previously, the FDA had calculated that based on a reported 3.99 billion re- 
tail prescriptions dispensed in the United States in 2010, and with 78 percent of these prescriptions 
filled by generic drugs, the estimated regulatory cost of the GDUFA would be less than 10 cents per 
prescription (Government Accountability Office, 2016). Yet, the FDA also noted that with the adop- 
tion of GDUFA user fees, and the associated savings in manufacturer drug development time, the 
total cost of bringing a generic drug to market may decline and result in reduced costs (Government 
Accountability Office, 2016). 


2 | IMPROVED FDA REGULATORY PROCESSING TIMES 


The OGD is responsible for ensuring, through a scientific and regulatory process, that Americans 
receive safe, effective, and high-quality generic drugs (U.S. Food and Drug Administration, 201 8a). 
For calendar year 2017, the OGD approved the combined highest number (841) of abbreviated new 
drug applications (ANDAs) drug approvals and tentative approvals (184)—1,027 total generic drug 
approvals—in the history of the generic drug program (U.S. Food and Drug Administration, 2018c). 
In addition, the OGD issued first approvals for generic versions of such commonly used drugs includ- 
ing Strattera, Truvada, Coreg CR, Effient, Renvela, and Vytorin. Furthermore, the OGD published 
178 product-specific guidance documents and 17 general guidance documents for use by industry to 
develop generic drugs (U.S. Food and Drug Administration, 2018c). Moreover, for ANDAs approved, 
the median approval process time has declined from about 24 months in FY2013 to under 15 months 
for FY 2015—a staggering reduction from the 42- to 44-month median approval time prior to passage 
of the GDUFA in 2012 (Sullivan, 2018a). 
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This approval time is still not at the level of new drug approvals (NDAs), which are more complex 
and presently take from 6 tol0 months to review (U.S. Food and Drug Administration, 2018b). The 
good news is that under the next iteration of the GDUFA in 2018, the median standard review time 
for generic ANDAs will be 10 months from submission, while priority review will be 8 months from 
submission (Sullivan, 2018a). This projected improvement in agency performance will effectively 
eliminate the “backlog” of new generic drug applications awaiting FDA review. It is also strong 
evidence of the success of user fees in getting many essential generic drugs safely to the American 
consumer. 





3 | THE FDA DRUG COMPETITION ACTION PLAN 


However, the generic pharmaceutical industry needs to step up to embrace increased competition, 
too. As RBC Capital Markets noted in a 2016 study (Brennan, 2016), the generic pharmaceuti- 
cal industry had only 23 “innovator” drugs, that is, generic drugs that can introduce competition 
against an established off-patent brand, pending at the OGD. Moreover, RBC Capital Markets data 
reveal that the lack of generic competition is not primarily an issue of the OGD's speed in facili- 
tating the review of generic drugs to market, but in industry submitting applications that would 
create this competition (Brennan, 2016). The RBC found that there are 125 additional “innovator” 
drugs with no approved generics and no abbreviated new drug approvals submitted to the FDA 
(Brennan, 2016). 

The new Trump administration-appointed FDA Commissioner, Scott Gottlieb wasted little time in 
announcing that his agency would change the generic drug approval process with a focus on further 
lowering consumer prices. 


No patient should be priced out of the medicines they need, and as an agency dedicated 
to promoting public health, we must do our part to help patients get access to the treat- 
ments they require, said Gottlieb. Getting safe and effective generic products to market 
in an efficient way, being risk based in our work and making sure our rules aren't used 
to create obstacles to new competition can help make sure that patients have access to 
more lower-cost options (U.S. Food and Drug Administration, 2017b). 


Under its Drug Competition Action Plan, the FDA (in May 2017) posted (and will continue to re- 
fine and update on the Internet) a list of branded drugs that have no listed patents or drug exclusivities 
(granted by the FDA) and for which the agency has yet to approve an ANDA application (U.S. Food and 
Drug Administration, 2017b). The FDA has updated this list in December 2017 (U.S. Food and Drug 
Administration, 2018d) and June 2018 (Syrop, 2018). The FDA also intends to expedite the review of any 
generic drug application for a product on this list to ensure that they come to market as soon as possible— 
with its intended goal being eight months of submission for approval (reduced from the agency's existing 
10-month benchmark) (U.S. Food and Drug Administration, 2018d). This FDA goal mirrors language 
appearing in the recently enacted FDA Reauthorization Act of 2017. In addition, the FDA also announced 
that it will change its policy on how it will prioritize its review of generic drug applications, expediting 
the review of generic drug applications until there are three approved generics for a given branded drug 
product (U.S. Food and Drug Administration, 2018d). 

In a June 21, 2017 blog posting, FDA Commissioner Gottlieb noted (U.S. Food and Drug 
Administration, 2017a): 
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We know that sometimes our regulatory rules might be “gamed” in ways that may delay 
generic drug approvals beyond the time frame the law intended, in order to reduce com- 
petition. We are actively looking at ways our rules are being used and, in some cases 
misused. ... I want to take steps to address these concerns, to make sure that we are 
facilitating appropriate competition where Congress intended. 


Some examples of how such “gaming” goes on include, first, increasing the unavailability of cer- 
tain branded products for comparative testing, as branded companies may be deliberately using com- 
mercial techniques to block a generic company from getting access to testing samples (U.S. Food and 
Drug Administration, 2017a). This regulatory strategy uses restrictions placed in commercial contracts 
or agreements with to make it difficult for intermediaries in the pharmaceutical supply chain to sell the 
drugs to generic drug developers. Second, in some cases, branded sponsors may use limited distribution 
arrangements, whether the company has voluntarily adopted limited distribution, or the limitations im- 
posed as part of a Risk Evaluation and Mitigation Strategy (REMS) as a basis for blocking generic firms 
from accessing the testing samples that they need (U.S. Food and Drug Administration, 2017a). Third, 
some branded companies may be using the statutory default requirement to have a single shared REMS 
across both the branded and generic versions of a drug (U.S. Food and Drug Administration, 2017a). This 
is a way to block generic entry, prolonging negotiations with the generic firms over the implementation of 
these single shared systems, and resulting in the generic reaching the consumer marketplace (U.S. Food 
and Drug Administration, 2017a). Gottlieb promises that the FDA will “be looking hard at how best to 
coordinate with the Federal Trade Commission (FTC) in identifying and publicizing practices that the 
FTC finds to be anti-competitive,” as the FTC is the primary agency responsible for preventing such anti- 
competitive business practices (U.S. Food and Drug Administration, 2017a). 

In 2018, the FDA has been active in implementing their Drug Competition Action Plan. For example, 
in January 2018, the FDA released two documents that streamline and improve aspects of the submis- 
sion and review of generic drug applications (ANDAs) (U.S. Food and Drug Administration, 2018c). 
Later, in May 2018, the FDA announced that it was taking significant steps to support complex generic 
drug development and application review; prioritizing the review of certain generic drugs; publishing a 
list of off-patent, off-exclusivity branded drugs; and enhancing the efficiency of certain aspects of the 
submission process for generic drug applications (U.S. Food and Drug Administration, 2018e). 

Later, in July 2018, the FDA announced the release of the agency's Biosimilars Action Plan, an 
important component of the Administration's recently announced Blueprint to Lower Drug Plans 
(U.S. Food and Drug Administration, 2018f; 2018g). While less than 2 percent of Americans use 
biologics, they currently represent 40 percent of total spending on prescription drugs (U.S. Food and 
Drug Administration, 2018f). Also in July 2018, the FDA announced the formation of a working 
group focused on developing importation policy options to address access challenges related to certain 
sole-source (i.e., single approved U.S. manufacturer) medicines with limited patient availability, but 
having no blocking patents or drug exclusivities (U.S. Food and Drug Administration, 2018h). Under 
these circumstances, which often can involve generic medicines, patients can be confronted with a 
drug shortage, and leaving them without access to their needed prescription drugs. 

Most recently, in October 2018, the FTC announced that it would be addressing “gaming” tac- 
tics employed by branded firms to extend a drug monopoly beyond its patent expiration (U.S. Food 
and Drug Administration, 2018i). Specifically, when branded companies make it difficult for generic 
pharmaceutical manufacturers to gain access to physical doses of a branded drug, as these manufac- 
turers need between 2,000 and 5,000 doses of the branded drug to run FDA required studies to prove 
their generic medicine is the bioequivalent of the branded drug. The use of so-called “citizen peti- 
tions” improperly filed by companies under section 505(q) of the U.S. Food, Drug and Cosmetics Act 
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has been criticized as an anticompetitive action to block generic drug approvals, although the record 
shows that they have rarely delayed specific generic drug entry to the market. The FDA will release 
revised draft guidance describing some of the factors the FDA will consider in determining whether 
a petition is submitted with the primary purpose of delaying the approval of a generic drug applica- 
tion. Furthermore, the guidance document also outlines the agency's intentions to refer such petitions 
deemed as “delaying” to the FTC for potential prosecution under the antitrust statutes. 





4 | PAY-FOR-DELAY SETTLEMENT AGREEMENTS 


Another public policy “gaming” concern involves the so-called “pay-for-delay” agreements (or re- 
verse payment settlements) between brand-name pharmaceutical companies and generic pharmaceu- 
tical manufacturers to stifle competition from lower-cost generic medicines, usually by negotiating 
a specific entry date by the generic pharmaceutical manufacturer later (months, if not years) than it 
would have been absent any financial compensation (Bloomberg Law, 2017; McCaughan, 2017). 
Consumer advocates and the FTC say these brand-name drug makers have been able to sidestep com- 
petition by offering patent settlements to pay generic companies not to bring lower-cost alternatives 
to market. 

Such pay-for-delay agreements have arisen in the context of the Drug Price Competition and Patent 
Term Restoration Act of 1984 (“Hatch-Waxman Act”) (Bloomberg Law, 2017; McCaughan, 2017). 
The Hatch-Waxman Act created an expedited FDA approval process for a generic drug manufacturer 
to seek market entry prior to the expiration of the brand drug manufacturer's patent. Under the Hatch- 
Waxman Act, to initiate this early entry, the generic pharmaceutical company may either (a) contest 
the validity of the patent or (b) argue that its new product does not infringe the brand-name drug's 
patent. If the generic pharmaceutical company is successful on proving its case on either of these 
grounds, the FDA will then approve the generic version for sale to American consumers. 

Generic drug makers and brand manufacturers, the parties involved in the settlements, argue that 
“pay-to-delay” agreements have saved American consumers hundreds of billions of dollars. Typically, 
the generic can come to market before the expiration date of at minimum one patent at issue, and the 
certainty of the timing (specified in the agreement) benefits purchasers (McCaughan, 2017). Ralph 
G. Neas, president of the Generic Pharmaceutical Association (now the Association for Accessible 
Medicines), sums up the generic pharmaceutical industry's policy position on reverse settlements 
(Sullivan, 2018a): 


The current industry paradigm of challenging patents on branded drugs in order to bring 
new generics to market as soon as possible has produced $1.06 trillion in savings over 
the past 10 years. The facts are clear. Patent settlements save. They are pro-competition, 
pro-consumer, and have saved consumers and taxpayers billions of dollars. 


However, these reverse payment settlements to forestall generic drug market entry have raised FTC 
concerns under the Sherman Antitrust Act, which prohibits inter-company agreements that unreasonably 
interfere with competition in the marketplace (Bloomberg Law, 2017). The FTC estimates that “pay-for- 
delay” agreements cost American consumers approximately $3.5 billion annually in increased healthcare 
costs (Federal Trade Commission, 2010). However, these “pay-for-delay” agreements are not without 
controversy within the federal government, as back in 2011 the U.S. Department of Justice could not agree 
with the FTC on whether these arrangements should be challenged (Bloomberg Law, 2017). 
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The federal judiciary, at both the district and Supreme Court level, has weighed in on the “pay-for- 
delay” issue. In a June 2013 decision, Federal Trade Commission v. Actavis, the U.S. Supreme Court 
ruled 5-3 that reverse payment settlements between branded and generic pharmaceutical companies 
should be subject to a legal “rule of reason” antitrust standard. The Supreme Court had agreed to hear 
the case after several federal circuit courts had rendered split decisions for and against plaintiffs since 
2001 on which antitrust standard to apply. Consequently, challenges to these patent settlements will 
now require the federal judiciary to weigh the competitive effects of the settlements on a case-by-case 
basis, rather than the more industry-friendly “scope of the patent” test or “presumptively unlawful” 
standard (which is the standard advocated by the FTC). In its decision, the Supreme Court left it to 
the lower federal courts to decide how to apply a rule-of-reason standard. Under this Supreme Court 
precedent, that judicial process has already begun. 

In June 2015, the Third Circuit Court ruled 3-0 (in King Drug Co. of Florence et al. 
v. SmithKlineBeecham Corp. et al.) that pharmaceutical patent settlements do not need to be in the 
form of a cash payout from a brand pharmaceutical manufacturer to a generic manufacturer. The Court 
held that such patent settlements could be in the form of other types of business considerations, for 
example, a promise not to manufacture its own generic brand, to be eligible for antitrust scrutiny as a 
pay-for-delay agreement. 


“We believe that this no-AG [authorized generic] agreement falls under Actavia' rule 
because it may represent an unusual, unexplained reverse transfer of considerable value 
from the patentee to the alleged infringer and may therefore give rise to the inference that 
it is a payment to eliminate the risk of competition,” wrote U.S. Circuit Judge Anthony 
J. Scirica for the panel. As the [Supreme] Court noted, these kinds of settlements are 
subject to the rule of reason. 


The U.S. Supreme Court announced it would rule early in 2019 on whether a “pay-to-delay agreement 
between Abbott Laboratories’ Solvay Pharmaceuticals Inc. and Watson Pharmaceuticals (along with two 
similar cases), a generic manufacturer, could be challenged under the Sherman Act (Sullivan, 2018b). 
The 11th Circuit Court of Appeals in Atlanta held that the pay-for-delay agreement over AndroGel did 
not constitute an illegal restraint of trade. This was the third time since 2003 that a federal circuit court 
has upheld such agreements (Sullivan, 2018b). The FTC alleges that Solvay entered into anticompetitive 
patent settlements (ranging from $31 million to $42 million annually) with Watson and generic drug 
manufacturers Par Pharmaceuticals Cos. and Paddock Holdings Inc. to delay the introduction of a generic 
competitor to Solvay's testosterone replacement drug AndroGel (Sullivan, 2018b). The Supreme Court's 
holding on this case (and similar cases) should provide needed clarification into which “pay-to-delay” 
agreements are worth pursuing by the agency. 


5 | FTC MONITORING AND ENFORCEMENT 


The FTC has monitored the generic pharmaceutical marketplace for over a decade (FY2004) and has 
been compiling and analyzing data on reverse payment settlements, with the highest number—40 
potentially problematic “pay-for-delay” agreements—out of 140 reported settlements reported in 
FY2012 (Federal Trade Commission, 2016). The number (of potentially problematic agreements) 
dropped to 29 for FY2013, the year of the Supreme Court Federal Trade Commission v. Actavis 
decision, although the total number of settlements rose to 145 (Federal Trade Commission, 2016). 
For FY2014, the latest report issued by the agency (and year after the Federal Trade Commission 
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v. Actavis decision, the FTC revealed that there were 21 potentially problematic reverse payment set- 
tlements out of 160, a nearly 50 percent reduction from FY2012 (Federal Trade Commission, 2016). 

The FTC also reported that the so-called “AG agreements,” in which brand drug manufacturers 
promised not to sell a competing authorized generic (AG) version of their branded drug, had fallen 
from 19 in FY2012, to four in FY2013 and five in FY2014 (Noonan, 2016). For FY2014, the FTC 
report noted that over 80 percent (either 81 or 87 percent, based on two data sample populations) of the 
patent disputes were resolved without any financial compensation from the brand manufacturer to the 
generic manufacturer and/or without restrictions on generic competition (Federal Trade Commission, 
2016). 

Meanwhile, historically, the FTC has vigorously pursued antitrust litigation for nearly two decades 
against branded pharmaceutical manufacturers who use pay-for-delay agreements with generic phar- 
maceutical companies, challenging these agreements as illegally stifling competition and maintaining 
economically (and legally) unjustified monopolies. This agency involvement goes back to 1997, when 
a federal court ruled in Mova v. Shala that the FTC's policy contradicted the reading of the Hatch- 
Waxman Act of 1984 regarding the 6-month exclusivity awarded to the first applicant to file an ANDA 
(McCaughan, 2017). Since 2000, the FTC has brought several antitrust cases challenging settlements 
that involved reverse payments (McCaughan, 2017). 

The agency has had some successes, including its 2015 “pay-for-delay” $1.2 billion settlement 
(an activity encouraged by the federal district courts) with pharmaceutical manufacturers Cephalon, 
and Teva, the FTC has continued to be actively involved in several “pay-for-delay” cases (Bloomberg 
Law, 2017; McCaughan, 2017). Yet, there are also failures. In May 2018, an administrative law judge 
dismissed an FTC “pay-to-delay” agreement complaint against generic pharmaceutical company 
Impax Laboratories, Inc. and brand manufacturer Endo Pharmaceuticals (Federal Trade Commission, 
2018). The administrative law judge concluded that the FTC failed (under a rule-of-reason analysis) to 
prove that the agreement between the defendants violated section 5 if the Federal Trade Commission 
Act (Federal Trade Commission, 2018). The FTC counsel has filed an appeal for a review by the 
Commission members (Federal Trade Commission, 2018). 

The FTC notes that potentially problematic “pay-for-delay” agreements between branded and ge- 
neric companies may be declining, but they are still prevalent in the pharmaceutical marketplace 
(Federal Trade Commission, 2016). “When drug companies agree not to compete, consumers lose,” 
said former FTC Chairman Jon Leibowitz (Sullivan, 2018b). In calendar year 2017, the agency re- 
ported that 28 “pay-for-delay” agreements reached in the pharmaceutical industry, with another 127 
such business arrangements made between 2005 and 2011 (Sullivan, 2018b). Since the Supreme Court 
decision in Federal Trade Commission v. Actavis, however, attorneys working in the pharmaceutical 
industry observe that litigation is waning as pharmaceutical companies are turning away from consid- 
ering reverse payment settlements and are contemplating the impact of circuit court rulings against 
these types of agreements (Kroh, 2017). 





6 | POLICY SOLUTIONS 


The recently announced FDA Drug Competition Action Plan is well underway, and is an important 
policy focus of the Trump administration, and a reasonable regulatory period for generic drug approv- 
als is definitely in the offing. While the Drug Competition Action Plan is one of the FDA's highest 
priorities in 2018 and beyond, the responsibility for improving price competition rests with a pharma- 
ceutical industry willing to commit its financial resources to manufacturing an array of bioequivalent 
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Since the 2013 Supreme Court decision, there has been a significant decrease in what the FTC 
terms “potentially problematic” pay-to-delay agreements initiated by branded pharmaceutical com- 
panies—although an insufficient time to seriously label it a consistent trend until further data are col- 
lected by the agency from FY 2015 onward. The FTC should focus its agency resources on continuing 
to assiduously monitor the pharmaceutical industry for such reverse settlement agreements that will 
not pass muster under the rule of reason antitrust standard, and intervene with litigation when neces- 
sary. Moreover, further guidance on how to apply this rule of reason standard will develop from future 
decisions made in the federal circuit courts and the U.S. Supreme Court. 

In the 115th Congress, U.S. Senators Amy Klobuchar (D-MN) and Charles Grassley (R-IA) jointly 
introduced a bill (S.124), the “Preserve Access to Affordable Generics Act,” which would essentially 
make illegal reverse payment agreements among drug companies. The bill is similar to legislation 
sponsored by Klobuchar and Grassley in the 114th Congress. “Outrageous pay-for-delay deals thwart 
competition and raise prescription drug prices for consumers,” said Klobuchar. “This bill would pre- 
vent drug companies from engaging in these abusive dealings and ensures more timely access to 
affordable medicines,” Grassley added. Bill S.124 is presently in the U.S. Senate's Committee on the 
Judiciary. 

The purpose of the Act is twofold: (a) enhance competition in the pharmaceutical market by stop- 
ping anticompetitive agreements between brand-name and generic drug manufacturers that limit, 
delay, or otherwise prevent competition from generic drugs; and (b) support the purpose and intent 
of antitrust law by prohibiting anticompetitive practices in the pharmaceutical industry that harm 
consumers. It is noteworthy that the FTC has been a consistent supporter of passage of Congressional 
legislation ending all forms of pay-for-delay agreements. 

The proposed legislation, however, contains one notable exception that may placate the pharma- 
ceutical industry (Sullivan, 2018c): “If the parties to such agreement demonstrate by clear and con- 
vincing evidence that the procompetitive benefits of the agreement outweigh the anti-competitive 
effects of the agreement.” This provision could keep the pay-for-delay practice alive, although its pro- 
ponents would need to present compelling evidence of its benefits to the consumer (Sullivan, 201 8c). 
This evidence includes the value to consumers, the form and amount of compensation, revenues under 
various scenarios, the time it takes for the generic to reach market under various scenarios, and any 
other information deemed to be relevant (Sullivan, 2018c). The burden of proof, however, falls upon 
the parties interested in entering into a reverse payments settlement. 

Whether there is legitimate need for passage of S.124 (or its successor in the 116th Congress) may 
be partially answered by the FTC updating its review of “pay-for-delay” agreements in the pharma- 
ceutical marketplace for more recent fiscal years. The direction of this data will give an indication of 
whether the rule of reason standard, in conjunction with further clarification by the federal judiciary, 
is positively influencing a further decline in what the FTC terms “potentially problematic reverse 
payment agreements” in the generic pharmaceutical marketplace. 
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Abstract. Do pharmaceutical firms respond to the actions of their competitors in research 
and development, and if so, how much? Answering this question has implications for 
policies aimed at incentivizing drug development, such as greater exclusivity protections 
and a faster Food and Drug Administration approval process. Although such policies lead 
to quicker realization of profits and/or more time to earn profits, they also intensify 
competition, thereby reducing per-firm profits. Which effect dominates depends on the 
degree of competition. To this end, I estimate a dynamic investment model using Phase 3 
data. Solving the new equilibrium, I find that even though an expedited process and longer 
periods of market exclusivity increase competitive intensity, it could prompt increased 
entry into Phase 3, thereby encouraging innovation. 
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1. Introduction 

Pharmaceutical firms spend a significant portion of 
their time and investment in the research phase 
testing and proving the safety and efficacy of their 
drugs. The profits are realized only upon launch of 
the product, so drugs that fail partway through the 
process generate no revenues to offset the substantial 
costs accumulated over the development process. 
Finally, unlike most industries, even after signifi- 
cant investment and results, the launch of a firm’s 
product ina market is not certain. This is because the 
Food and Drug Administration (FDA), the regula- 
tory authority that oversees research and develop- 
ment (R&D) testing in its entirety, can approve or 
reject a firm’s petition to launch in the market. The 
outcome of this regulatory process is fairly uncertain, 
with unpredictable review times.’ Pharmaceutical 
firms view this process as delaying marketing of their 
new drugs and deterring innovation.” This effect is 
further exacerbated by the short remaining patent life 
of most drugs.* 

The market exclusivity granted by the FDA upona 
drug’s approval is designed to offset the time spent by 
firms in lengthy clinical trials and awaiting regulatory 
approval. This period of exclusivity is granted irre- 
spective of the number of patent years remaining. 
However, many firms have argued the current market 
exclusivity period of 5 years (for new chemical enti- 
ties) is insufficient. For example, one of the proposals 


competitive analysis + dynamic programming * empirical IO methods « innovations * public policy + legal 


in the 21st Century Cures Act was to increase the 
market exclusivity period to 15 years (Gaffney 2015). 
This proposal did not make it to the final act. 

In addition, many firms, investors, and industry 
lobbyists have repeatedly called for a faster FDA 
approval process. The recently enacted 21st Century 
Cures Act is geared toward such an acceleration, with 
its goal being to ensure patients get earlier access 
to treatments (Califf 2016). However, opponents have 
called the act a “gift” to the pharma lobby at the cost 
of safety." 

Whether pharma companies actually benefit from 
these policies—longer market exclusivity and expe- 
dited approval—is unclear. From the perspective of a 
focal firm, longer market exclusivity is beneficial 
because the firm has more time to earn profits before 
generic entry, and an early launch is beneficial be- 
cause these profits are realized sooner. However, 
the possibility of longer market exclusivity and an 
early launch make the market lucrative to other firms 
as well, potentially leading to a more crowded market, 
reducing the focal firm’s profits.° Thus, although these 
policies can increase the net present value of profits, it 
can also intensify competition among firms, leading 
to lower per-firm profits. Which effect dominates 
depends on the extent to which firms are impacted by 
competition. Ching (2010a) analyzed such a trade-off 
in the context of generic drug entry, where expediting 
FDA approval for generic drugs increases not only 
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the likelihood that they enter earlier but also the 
likelihood that they enter crowded markets, thereby 
decreasing their profitability. This paper looks at a 
similar effect but on R&D decisions, which have 
implications for innovation and new product entry. 
The theoretical literature does not provide a clear 
direction of the impact of competition on innovation: 
on the one hand, competition can encourage inno- 
vation if the potential innovator is able to usurp 
market share from the incumbent with its new 
product, but on the other hand, the presence of 
competition can deter the incentive to innovate if the 
potential innovator is able to take only a share of the 
total industry profits.° 

Using data to empirically measure this impact is 
hard because observed market structure and inno- 
vation rates are equilibrium responses and hence 
codetermined. The ideal way to measure the impact of 
competition on innovation is by observing market 
structure change for exogenous reasons. Empirical 
work that uses this strategy includes Aghion et al. 
(2004), who use changes in market structure caused by 
government policy changes, and MacDonald (1994), 
who uses changes in import policies. However, exoge- 
nous variation of market structure in most industries is 
scant. Without such variation, regressing the existing 
market structure on investment would be uninfor- 
mative because observed investments are equilibrium 
responses. Cockburn and Henderson (1995) point this 
out as a hypothesis they cannot reject even when they 
find only a weak correlation in investment across 
firms (i.e., firms are not influenced by competitors be- 
havior). This calls for a structural model thatendogenizes 
market structure and innovation, taking into account 
industry-specific features (e.g., Goettler and Gordon 
2011). I use both approaches to measure this im- 
pact, relying on the structural parameters to evaluate 
the counterfactual of a longer market exclusivity and 
a faster FDA approval process. 

First, in a reduced-form regression, | measure if 
firms respond to competitors’ states. To get around 
the endogeneity of market structure and investment, 
I exploit a unique feature of the pharmaceutical 
industry—the uncertainty of the FDA approval pro- 
cess. Although firms might know the average ap- 
proval probabilities in expectation, the exact outcome 
of the FDA review process is uncertain (i.e, FDA 
approvals and rejections conditional on filing are 
fairly exogenous). A similar argument has been made 
in Ching (2010b) and Reiffen and Ward (2005), who 
use the random nature of generic approvals to identify 
the effect of competition on price. In this regression, 
I find evidence that firms respond to competitors’ 
states, and competition has a negative impact on 
investment: specifically, a firm’s probability of con- 
tinuing investment decreases if the firm’s competitor 
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received an FDA approval and increases if the com- 
petitor received an FDA rejection. 

Second, I build a structural model that accounts for 
the endogeneity of market structure and innovation. 
Using a data set on firm entry, continuation, and exit 
decisions in Phase 3 clinical trials across different 
markets in the pharmaceutical industry, I estimate a 
structural model to measure the impact of competi- 
tion on firms’ continuation decisions. The structural 
model takes four main aspects of the pharmaceutical 
industry into account: the forward-looking behav- 
ior of firms, their strategic decision making, market 
heterogeneity, and the uncertainty of the FDA ap- 
proval process. Because firms incur huge costs in the 
research phase, which can take up to 10-12 years, and 
because profits are realized only upon successful 
launch of the product, it is the forward-looking nature 
of firms that justifies investing large amounts in the 
research phase. Thus accounting for dynamics in 
modeling this industry is important. Second, the 
model should be able to account for equilibrium re- 
sponses of firms. For example, a firm may exit a 
market while in the research phase if it observes that 
one of its competitors has launched. This is because if 
the share of profit of the focal firm decreases with 
the number of launched firms, it no longer justifies 
continued investments in the research phase. Third, 
one needs to account for the fact that some markets 
can be more lucrative than others by accommodating 
the presence of unobserved heterogeneity in markets. 
Finally, the launch outcome is not determined by the 
firm but by the FDA review process. To account for all 
the above-mentioned features of the pharmaceuti- 
cal industry, I estimate a dynamic oligopoly model 
allowing for unobserved heterogeneity. 

lestimate the model using the underlying approach 
outlined in Arcidiacono and Miller (2011). The esti- 
mation recovers two types of markets, and the esti- 
mates indicate a significant and negative impact of 
competition on firms’ investment decisions. I use 
these estimates to solve for the dynamic equilibrium 
under longer exclusivity periods and a faster ap- 
proval process. I simulate the effect of a faster FDA 
approval process by reducing the probability that a 
drug remains in review but keeping overall approval 
and rejection rates the same. 

The results indicate an expedited approval process 
encourages entry: although per-firm profits decrease, 
the quicker access to profits outweighs the loss from 
the increased competitive intensity. Increasing mar- 
ket exclusivity also encourages innovation but at a 
lower rate than under a faster approval process. Al- 
though increased exclusivity gives more time for the 
firm to earn profits, these profits are further into the 
future. On the other hand, a faster approval process 
gives firms quicker access to the market. In both cases, 
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I find that ignoring these strategic considerations in 
R&D leads to overestimating the benefit of these 
policies: the expected value of entering Phase 3 is 
overestimated by 1.3%-6.8% when strategic responses 
are not accounted for. 


1.1. Contribution 

This paper is broadly related to the literature on firm 
strategic behavior. Within the pharmaceutical sector, 
this literature has focused largely on the impact of 
competition from generic entry on branded drugs’ 
pricing and advertising levels (e.g., Caves etal. (1991), 
Ching (2010a), and Ellison and Ellison (2011)) and 
more recently on firms’ strategic detailing behavior 
(e.g., Liu et al. (2016)). Closely related is the paper by 
Ching (2010a), who develops a dynamic oligopoly 
structural model to study the entry decisions of ge- 
neric firms. Similar to the setting in this paper, these 
firms face randomness in the approval timing of the 
FDA. However, little research exists on firm strate- 
gic behavior prior to the launch stage, when firms’ 
products are not yet in the market. This paper finds 
evidence suggesting strategic behavior in the pre- 
launch stage, and it investigates the implications of 
such strategic effects on the implementation of an 
expedited approval policy. 

Outside the pharmaceutical sector, papers that 
have empirically studied R&D investment decisions 
in a competitive environment have done so from 
the perspective of postlaunch activities such as ad- 
vertising, learning about demand uncertainty, and 
brand building (e.g., Dubé et al. (2005), Hitsch (2006), 
Ellickson et al. (2012), Vitorino (2014), and Borkovsky 
et al. (2017)). R&D investments that influence new 
product launches’ have received relatively little em- 
pirical attention, primarily because of a lack of data 
that allow one to observe R&D efforts prelaunch. 
For this reason, the intersection of innovation, new 
product development, and competitive behavior has 
largely been studied from a theoretical perspective 
(e.g., Goettler and Gordon (2014) study the impact of 
entry costs and competition on investments in the 
context of a nondurable good; Hauser et al. (2006) 
provide a comprehensive review of other theoretical 
work in the marketing literature.) 

Another related paper is Goettler and Gordon 
(2011), who estimate a structural model that endo- 
genizes innovation to evaluate the counterfactual of 
whether Intel would innovate more in the absence of 
AMD. Unlike their setting, where the market struc- 
ture is fixed at two firms, | observe varying market 
structures both within and across markets. This ap- 
proach allows me to infer the degree of competition 
from firms’ exit decisions rather than relying on 
product substitution in the postlaunch market. This 
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feature is especially important in the pharmaceutical 
industry, where a large number of molecules (nearly 
95% in the data) do not reach the launch stage. 

The rest of this paper is organized as follows. 
Section 2 gives an overview of the pharmaceutical in- 
dustry, describes the data, and highlights a few em- 
pirical regularities in a reduced-form setting, Section 3 
builds the structural model, Section 4 discusses the 
estimation strategy, and Section5 presents the results. 
Section 6 evaluates the counterfactual of a faster 
approval process and that of longer market exclu- 
sivity, and Section 7 concludes. 


2. Industry Background and Data 

Drug development is a time-intensive and expensive 
process. Firms vying to enter a market after discovery 
of a chemical compound have to perform preclinical, 
Phase 1, Phase 2, and Phase 3 trials before they 
can launch their product. Getting to the final launch 
phase is a low-probability event—for every 250 com- 
pounds that enter preclinical testing, only one gains 
FDA approval. 

Preclinical trials for the drug involve testing the 
compound on animals. On the basis of the findings, 
firms may decide to file an investigational new drug 
filing with the FDA, which caneither approve or reject 
the filing. If approved, the drug has to pass suc- 
cessfully through three more phases: Phase 1, which 
involves testing on a small group of healthy indi- 
viduals; Phase 2, which involves testing on a small 
group of patients with the disease to prove the drug 
has the intended effects on the patients; and Phase 3, 
which involves large-scale testing to establish the 
safety and efficacy of the drug. Figure 1 illustrates the 
various phases a pharmaceutical firm needs to go 
through before final launch and the approximate time 
it takes to complete each phase. 

To answer the questions posed in this paper, we 
need firm actions in the R&D stages prior to a new 
drug application (NDA), as well as FDA-determined 
launch outcomes at the market-firm-year level. I focus 
on drug-development efforts post-Phase 2 clinical 
trials.’ This is because Phase 3 is by far the most 
expensive of all four research phases (DiMasi et al. 
2003) and because these data are largely publicly 
available because the FDA requires that all drugs ina 
controlled clinical investigation other than Phase 1 
trials be registered on a publicly available database. 
The data set used in the paper comes from Adis R&D 


Figure 1. Pharmaceutical Research and Development 
Process 
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Insight, an aggregator that collects this information 
across all firms and markets over time. 

Specifically, an observation in the data consists of 
the date a firm entered Phase 3 clinical trials in a 
particular disease indication and the date if it exited, 
filed, or launched. The data consist of a total of 294 
disease indications™” in the period 1995-2008. Markets 
were classified by how firms defined their research. In 
most cases, this procedure led to a one-to-one map- 
ping between disease indication classifications and 
markets. In a few instances, manual coding was re- 
quired to classify similar disease indications into a 
single market. For example, the coded market for 
type 1 diabetes is sometimes referred to as type 1 
diabetes and other times as type 1 diabetes mellitus in 
the raw data. I supplement these R&D data with data 
from CenterWatch,'! which has a list of medical 
conditions and their corresponding therapeutic area 
classifications, resulting in a total of 27 therapeu- 
tic areas. 

The R&D investment data are further supplemented, 
where available, with market-specific descriptives such 
as prevalence and whether the indication dispropor- 
tionately affects people of a specific age, race, or gen- 
der. These data come from epidemiology reports 
from MedTrack, publicly available government data 
sources such as the National Institutes of Health 
(NIH) and the National Cancer Institute’s Surveil- 
lance, Epidemiology, and End Results database, as 
well as medical journal articles. Finally, data from 
MedTrack, which tracks realized sales of launched 
products, provide a crude measure of the indication- 
specific market size in dollar amounts. These figures 
are observed only conditional on launch; however, 
averaging across all drugs and years of realized 
sales within a disease indication gives an approxi- 
mate measure of the market potential specific to a 
given indication. 

The pharmaceutical industry is characterized by 
four main features: forward-looking firms, hetero- 
geneous markets, uncertainty in FDA outcomes, and 
strategic firms. | now provide evidence of each of 
these characteristics from the data. 


2.1. Forward-Looking Firms 

Firms spend an average of 4.6 years in Phase 3 clinical 
trials. Figure 2 shows the number of years various 
firms across different markets spend in research. 
During this period, the firm does not earn any profits. 
Investments are made in expectation of profits if and 
when a firm’s drug launches in the market. This is 
clear evidence of firms’ forward-looking behavior 
and warrants a model that takes these dynamics 
into account. 
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Figure 2. (Color online) Distribution of Years Spent in 
Research Across All Firms and Markets 
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2.2. Heterogeneous Markets 

The number of drugs in Phase 3 trials per market 
ranges from 1 to 10: Table 1 shows the distribution of 
the number of drugs per market; 52% of markets have 
just one drug that has entered Phase 3 in that indi- 
cation, whereas few markets have more than four 
drugs that entered the market. This is an indication of 
substantial market-specific heterogeneity: some mar- 
kets see more firms investing in them, whereas others 
see relatively fewer firms. 

This market-specific heterogeneity is also evidenced 
in the number of launched firms per market, shown 
in Figure 3. The average number of launched firms in 
amarketis 0.57, with 176 markets having no launched 
product during the time span in the data, 88 mar- 
kets having one firm that has launched successfully, 
20 markets with two launched firms, and 10 markets 
with greater than three launched firms. Characteristics 
such as prevalence; whether the disease is more likely 
to affect people of a specific age, race, or gender; and 
a rough measure of market size as imputed by sales 
conditional on launch also vary by market, as shown 
in Table 2. 


Table 1. Number of Drugs in Research per Market 


Number of drugs per market Number of markets % of markets 
1 152 52 
2 56 19 
3 35 12 
4 21 7 
5 8 3 
6 7 2 
z 4 1 
8 6 2 
9 2 1 

10 3 1 
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Figure 3. (Color online) Number of Launched Firms 
per Market 
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letter. Per this database, the median time spent in 
review was 20.8 months in 1993 and 12.5 months in 


oy 2009, the last year of the data set used in the paper. These 
SN 476 numbers mirror the statistics of the data set closely. 
e 
034 2.4. Strategic Interactions Between 
Fag Firms—Reduced-Form Evidence 
g I now provide reduced-form evidence showing the 
584 88 impact of competitors’ states on a firm’s investment 
a" decisions. Table 4 regresses the decision to continue or 
E exit on the firm’s own state as well as the competitor’s 
234 state, controlling for market, firm, and time fixed 
20 effects. The first set of results under the column 
e “Endogenous actions” shows that a firm is more likely 
ot r - 3 é 4 P to continue investment if a competitor has exited 
0 1 5 6 


2 3 4 
Number of launched firms in market 


2.3. Uncertain FDA Approval Process 

After entering Phase 3 clinical trials, a firm in a market 
can take one of three actions: continue investment 
(i.e., remain in Phase 3), exit the market, or file for an 
NDA. After a firm files with the FDA, whether the 
firm’s petition is approved, is rejected, or remains in 
further review is entirely determined by the FDA. 
Table 3 summarizes the transitions between phases 
acrossall drugs, markets, and time. The second row of 
the table is indicative of firms’ endogenous actions: 
86.9% of the time, an incumbent continues in its R&D 
efforts; 7.6% of the time, it files for an NDA; and 5% of 
the time, it decides to exit the market. The third row is 
indicative of the FDA-determined exogenous out- 
comes: of those that are filed, 26.2% are approved, 
2.3% are rejected by the FDA, and 71.6% continue to 
remain in review. Both this and Figure 4, which 
shows the distribution of years spent in review across 
all firms in the data, indicate (1) approval on filing is 
not guaranteed and (2) realization of the outcome 
is not always quick. Conditional on an outcome 
(i.e., approval /rejection), the median (average) time 
spent in review is 14 (18.7) months. The FDA’s da- 
tabase (FDA 2016) provides statistics on the median 
review time, defined as the length of time it takes to 
review a new drug application and issue an action 


Table 2. Market Characteristics 


the market, and this probability increases as the 
number of competitors that have exited the market 
increases. The second column includes the FDA- 
determined outcomes of approvals and rejections. 
The results indicate that a firm is less likely to continue 
investment in R&D when a competitor has launched 
successfully in the market, with more competitors 
having an increasingly negative effect. The results 
also indicate endogenous as well as FDA-determined 
exits have a similar effect on a firm’s decision to 
continue investment. 

Endogeneity concerns stem from two sources: (1) firm- 
determined outcomes are equilibrium responses, and 
(2) an omitted variable, such as a scientific discovery 
specific to a disease market, can lead to biased esti- 
mates. Concerns related to (1) are mitigated by the 
regression on FDA-determined outcomes. To the 
extent that the firm files only if it expects a posi- 
tive outcome, this can still be at best interpreted as 
a correlational regression. To overcome this con- 
cern, I turn to a structural model in Section 3 that 
explicitly endogenizes firm actions. Concerns related 
to (2) should lead us to underestimate the effect of 
competition leading to an upward bias of the esti- 
mate. To see this, a market-time-specific event, such 
as a scientific discovery that makes Phase 3 clinical 
trials easier for all firms, will likely cause us to see 
more launched firms in the market and more firms 
investing in R&D efforts. This will lead to a positive 


Percentiles 
No. of 
Mean Std. dev. 10th 50th 90th observations 

Prevalence (per 10,000) 628 1,056 0.74 130 2,000 158 
Varies with 

Age 0.25 0.43 0 0 1 215 

Race 0.41 0.49 0 0 1 215 

Gender 0.53 0.50 0 0 1 215 

Market size ($ millions) 468 438 41 349 1,054 213 
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Table 3. Phase Transitions Across All Drugs, Firms, Market, and Years 


Not entered Entered Phase3 Filed NDA 


(%) (%) 


Not Entered 84.7 15.3 
Entered Phase 3 0 86.9 
Filed NDA 0 0 
Launched 0 0 
Exited 0 0 


coefficient on the Number of competitors launched co- 
efficient, whereas the estimated coefficient reported 
in Table 4 is significantly negative. 

Table 5 shows a similar regression but on the de- 
cision of when to enter Phase 3 trials. Here, we see a 
negative impact of the number of firms in research on 
the focal firm’s decision to enter Phase 3, with the 
probability further declining as the number of com- 
petitors in research increases. Surprisingly, we also 
see that as the number of exits increases, firms are less 
likely to enter the market. This could be driven by 
market-time-specific trends or by a learning phe- 
nomenon whereby firms learn, from the actions of 
their competitors, that certain markets are hard to do 
research in. This could also be because the reduced- 
form regressions do not account for the fact that the 
decision to continue and enter are inherently con- 
nected. The model in Section 3 allows for this. In- 
cluding the FDA-determined outcomes, we see that 
launched competitors have an increasingly negative 
effect on a firm’s decision to enter. 

Online Appendix A shows these patterns hold even 
when all firms (and not just the top 15) are included. 
Market-specific variables (market potential, preva- 
lence, age, race, and gender) were found to be poor 
indicators of firms’ entry and investment decisions in 


Figure 4. (Color online) Distribution of Years in FDA 
Review Across All Firms and Markets 
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Launched Exited No. of 

(%) (%) (%) observations 
0 0 0 3,912 
7.6 0.6 5.0 3,045 
71.6 26.2 23 573 
0 100 0 1,213 
0 0 100 1,188 


Phase 3. Online Appendix B shows regressions of 
firms’ endogenous decisions on market characteris- 
tics. The coefficients on the market characteristics are 
insignificant. This is possible because these variables 
likely affect firms’ decisions early on in the drug 
discovery phase, rather than in late-stage clinical 
trials. I also find that therapeutic area fixed effects 
have poor explanatory power. Market fixed effects, 
on the other hand, have a much higher explanatory 
power, highlighting the importance of unobserved 
heterogeneity. Moreover, not including market fixed 
effects leads to insignificant estimates on competitors’ 
states. This finding informs the structural model, 
where | recover the estimates by (unobserved) market 
type instead of relying on market-specific observables 
in the state space. 


2.5. Strategic Interactions Between 
Firms—Anecdotal Evidence 

Recap, a company that provides insights for the 
biopharmaceutical industry, collects reasons as to 
why firms abandon their compounds in late-stage 
clinical trials. Their analysis suggests that of the 66 
compounds (out of 559 compounds in Recap’s Bio- 
portfolio Index, which contains only biotech com- 
panies) that abandoned clinical trials in Phase 3, 
12% state “pipeline prioritization” as their reason 
for leaving Phase 3. This includes market and com- 
petitive dynamics such as market size and level of 
market saturation. 

Although this provides preliminary evidence of the 
impact of competition on firms’ decisions, the model 
I develop in Section 3 explicitly endogenizes inno- 
vation and market structure, taking into account 
the specifics of the industry as already described in 
this section. 


2.6. Other Industry Specifics 

Additional industry specifics include the following: 
Symmetric firms: | focus on the set of drugs affiliated 

with the top 15 firms, restricting attention to those 

firms that have similar R&D resources, abilities, and 

capital. I therefore assume that, conditional on being 

in a research state, all firms are equal.'* 
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Table 4. Decision to Continue or Exit as a Function of Competitors’ States 


Dependent variable Endogenous actions FDA outcomes 
Continue/Exit Coefficient t-statistic Coefficient t-statistic 
Number of competitors exited 
1 3.00 6.6 3.12 6.54 
ed 4.66 6.41 4.74 6.48 
3 4.96 4.83 5.63 4.93 
4 4.67 2.78 4.30 2.6 
5 6.37 4.75 5.13 3.39 
6 7.63 4.62 4.83 2.63 
7 20.23 0.02 18.05 0.01 
Number of competitors in research 
1 0.10 0.27 0.02 0.04 
2 0.48 0.9 0.23 0.41 
3 0.36 0.53 -0.28 —0.38 
4 0.98 1.09 0.76 0.74 
5 —0.64 -0.5 -1.62 -1.19 
6 -1.58 -1.11 -3.04 —1.87 
7 0.00 0.00 
Number of competitors in filed status 
1 —0.48 -1.12 -0.52 -1.03 
2 -1.33 -1.29 -0.54 —0.49 
3 12.33 0 12.99 0.01 
Number of competitors exited due to FDA 
1 3.73 2.87 
Number of competitors launched 
1 -0.29 —0.49 
2 -141 -1.59 
3 -2.15 -1.99 
4 —4.80 -2.73 
5 933 0 
6 -7.89 -3.36 
Own state (Reference: Research year > 4) 
Research year 1 1.41 3.16 1.33 29 
Research year 2 0.81 1.98 0.71 1.69 
Research year 3 0.64 1.57 0.45 1.07 
Research year 4 0.78 1.74 0.71 1.56 
Fixed effects Market, firm, time 
Log likelihood -218.46 -205.73 
No. of observations 1,159 1,159 
No. of markets 294 294 


Notes. The first column, “Endogenous actions,” reports estimates that include only firm-driven out- 
comes. The second column, “FDA outcomes,” includes FDA-determined approvals and rejections 
(i.e., Number of competitors exited due to FDA and Number of competitors launched). 


Number of firms per market: In the data, 90% of 
markets (Table 1) have four firms or fewer that have 
entered the market. I therefore restrict attention to the 
first four drugs that have entered the market. I also 
use this data feature in the counterfactual, where 
I assume there are a total of four firms. 

Time to patent expiry: A potentially relevant state 
variable, Time to patent expiry, is unobserved. Col- 
lecting such data are not trivial: patents are not tied to 
a particular molecule/ mechanism and are extremely 
hard to identify from the U.S. Patent and Trademark 
Office (USPTO) database.'* However, even though the 
time to patent expiry is unobserved, the number of years 
a firm has spentin research is likely to be a good proxy for 


the time to patent expiry: as the firm spends more years 
in research, it has less time remaining on its patent. 

In addition, for the subset of approved drugs, such 
data are available from the FDA’s Orange Book. I use 
this subset to estimate whether time to patent expi- 
ration has a significant impact on a firm’s decision to 
invest. Online Appendix C describes the data col- 
lection and matching process, the estimation proce- 
dure and results. I find that (1) the focal firm is no 
more likely to enter when it has more (versus less) 
years remaining on its patent, and (2) the leader’s 
(determined ex post using the approved drug) patent 
expiration has no significant impact on a firm’s de- 
cision to continue or when it enters. 
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Table 5. Decision of When to Enter Phase 3 as a Function of Competitors’ States 


Dependent variable Endogenous actions FDA outcomes 
Enter/Not Enter Coefficient t-statistic Coefficient t-statistic 
Number of competitors exited 
1 —1.33 —4.65 -1.35 —4.59 
2 -1.64 -3.68 -1.84 —4.00 
3 -2.75 -2.95 -2.96 -3.48 
4 0.00 0.00 0.00 0.00 
5 -3.14 -2.23 -3.32 -2.25 
6 —4.14 -2.40 -3.88 -2.11 
7 0.00 0.00 0.00 0.00 
Number of competitors in research 
1 —0.61 -3.21 -1.18 -5.86 
2 -1.51 -5.62 -2.30 -8.05 
3 -1.75 —4.69 -2.52 —6.45 
4 —1.60 -3.31 -2.73 -5.60 
5 -2.64 -3.17 -3.32 —4.33 
6 -2.12 -0.47 -2.75 -1.05 
7 -1.21 -1.06 -2.76 -2.38 
Number of competitors in filed status 
1 —0.45 -1.97 -1.03 —4.22 
2 0.23 0.45 —0.42 —0.88 
3 -13.17 —0.02 -12.24 —0.04 
Number of competitors exited due to FDA 
1 -3.31 -5.72 
Number of competitors launched 
1 -2.27 -7.48 
2 -2.97 —6.64 
3 -257 -3.88 
4 —4.06 -3.96 
5 4.53 -3.23 
6 0.00 0.00 
Fixed effects Market, firm, time 
Log likelihood -896.38 -839.32 
No. of observations 3,874 3,874 
No. of markets 294 294 


Notes. The first column, “Endogenous actions,” reports estimates that include only firm-driven out- 
comes. The second column, “FDA outcomes,” includes FDA-determined approvals and rejections 
(i.e., Number of competitors exited due to FDA and Number of competitors launched). 


One reason for this insignificant effect might be that 
for the focal firm, the time to its own patent expiry 
might matter for the decision of whether to enter, not 
when to enter, which is what is modeled here. Budish 
et al. (2015) find evidence for such an effect, where 
firms invest in diseases where the endpoint is faster to 
achieve. Other possible reasons include (1) too few 
observations, which make the estimates noisy (note 
that the data are available only for the subset of ap- 
proved drugs), and (2) feasibility of patent extension 
in this industry. Because firms in this industry know 
how to extend patents, which isa tactic often used, the 
actual time remaining may not be a significant factor 
in deciding whether to continue. I elaborate on these 
possibilities in Online Appendix C. 

Whereas patent life plays an insignificant role in 
this subset, it might be binding for other drugs. To 
address both these possibilities, | estimate the model 


under two assumptions. First, I estimate the model 
assuming firms get T = 30 years to earn profits upon 
approval. This assumption mimics a world where 
patent extension is feasible and the time remaining on 
a drug’s patent is not a significant factor in deter- 
mining investment decisions. Second, | estimate the 
model assuming firms get T = 5 years upon launch. 
This assumption corresponds to the world where the 
firm’s patent is close to expiry and the current market 
exclusivity period provided by the FDA binds. 


3. Model 

3.1. Simple Static Model 

Borrowing from the model described in Bresnahan 
and Reiss (1991a), I first illustrate the main idea of the 
paper using a simple model containing only two 
firms, F1 and F2. Let ™ and n? denote monopoly and 
duopoly revenues, respectively, and let c denote the 
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research cost. Let the market be such thatit is lucrative 
for only one firm, F1, to enter; that is, 


™ —c>0, 


n? -c <0. 


(1) 


Now consider the counterfactual, in which incentives 
are provided such that market size increases by N 
(e.g., through a faster FDA approval process). Firm F2 
will enter if 


Nr? —c>0. 


(2) 


From the perspective of the focal firm, F1, profits drop 
from 7™ —c to Nn? -c if m™ < NnP. Total market 
profits, which now equal 2 (Nx? —c), will also be 
lower if 2(N7? —c) < 7™ — c. 

Figure 5 plots the probability that the market sup- 
ports a monopoly, a duopoly, or no firm, for a specific 
set of parameters and adds an extreme-value error term 
to each firm’s profits. As can be seen, the relationship 
between the market supporting a monopoly and the 
market-size factor N is nonmonotone; that is, the focal 
firm F1 benefits from increasing monopolistic profits 
only up to a certain market size, beyond which profits 
decline to duopoly levels. 

The goal of this paper is to empirically recover the 
degree of competition in pharmaceutical markets, 
which will inform policies geared toward increasing 
market size or subsidizing research costs. 


3.2. R&D Investment Model Setup 

I now describe the model that governs a firm’s de- 
cision to enter Phase 3 clinical trials or not and, 
conditional on entry, to continue investment in these 
clinical trials, file for an NDA, or exit the market. 
These decisions are influenced by (1) the structural 
parameters, which include the cost to enter Phase 3 
clinical trials, continuation costs of research, and 
profitability by market type; (2) the firm’s own state; 
(3) the competitors’ states, and (4) privately observed 
shocks (e.g., adverse side effects in clinical trials can 
cause the firm to exit). The payoff is positive only if 
a firm launches its product in the market. Payoffs 
in the investment stages reflect the cost of con- 
tinuing research. 

Outcomes that are not in the firm’s control include 
approval and rejection by the FDA; that is, once a firm 
has chosen to file for an NDA, the outcome after this 
step is determined by the FDA. 

I now briefly go over the reasons a firm can exit the 
market and explain how the model captures these 
reasons. A firm can exit the market for one of three 
reasons: (1) adverse effects of the drug on the pa- 
tient population that are discovered during research, 
(2) competitive considerations, or (3) FDA rejection 
after the firm has filed for an NDA. 
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Adverse effects: If a firm’s drug has adverse effects 
on its desired patient population, the firm will have 
to withdraw testing and exit the market. The error 
term £ex present in the utility from exiting the market 
captures this effect. A large positive shock captures 
the effect of an adverse event, whereas a negative shock 
captures the effect of a windfall. Competitors are as- 
sumed to know these error shocks only in expectation. 

Competitive considerations: This captures a firm’s 
decision to endogenously exit or continue investment 
in the clinical trials as influenced by its competitors’ 
states and actions. This influence is captured through 
the state space in the firm’s consideration—the extent 
of this influence is empirically estimated. 

FDA rejection: A firm, when it is reasonably confi- 
dent that it has all the data to justify a launch, submits 
the relevant documents to the FDA, which then re- 
views them. On the basis of its review, the FDA may 
reject the firm’s petition to launch in the market. 
I capture this as a probability, pre, associated with exit 
conditional on filing. These probabilities are directly 
inferred from the data and conditional on filing are 
assumed to be exogenous. 


3.2.1. States and State Transitions. The state space 
consists of those variables that are observed to the 
researcher, x;, and those that are unobserved to the 
researcher, s. Both variables are known to the firm 
ii € {1,..., I}. The unobserved state allows for market- 
specific heterogeneity. A market's type is assumed to be 
fixed over time; that is, it cannot transition from 
one state to another. Markets are assumed to be in- 
dependent. Firm i’s observed state in period t is 
denoted by xj, where x€ {NotEntered, R1, R2, R3, R4, 
R5, Exit, File, ExitFDA, Launch}. Here, NotEntered in- 
dicates that the firm has not yet entered the market, 
R1,...,R5 denotes the research year’ the firm is in, 
Exit indicates that the firm has exited the market, File 
indicates that the firm has filed for an NDA and is 
waiting to hear of an outcome from the FDA, ExitFDA 


Figure 5. (Color online) No Entry, Monopoly and Duopoly 
Probabilities as a Function of Market Size 
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Note. Here, n™ = 10,7? = 6,c= 8; F1/F2 indicates a monopoly 
where either F1 or F2 is the monopolist. 
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indicates that the FDA rejected the firm’s NDA, and 
Launch indicates that the firm won FDA approval. 
Note that Exit, ExitFDA, and Launch are all absorbing 
states; that is, once a firm has reached this state, it 
remains in this state. Further note that although a 
competitor that has notentered or that has exited does 
not impact the focal firm’s current payoffs, these two 
states have very different implications for the focal 
firm’s future payoffs and continual probabilities. In 
the first state (competitor not entered), there is a 
potential threat of entry that lowers the focal firm’s 
future profits and hence the probability to enter/ 
continue research; in the second state (competitor 
exited), the threat is forever eliminated, increasing the 
focal firm’s probability to enter /continue research. 

I now describe the state transitions that determine a 
firm’s next-period state given its current state and action. 

If a firm has not yet entered Phase 3 in year t, it 
can choose action dą, where d € {ne,e} = {Not Enter, 
Enter}. Its next-period state is then given by 


Xin = R1-1 (di, =e) + NotEntered-I(dy = ne), (3) 


where I(.) is the indicator function. 

If a firm is an incumbent, it can choose action din 
where d € {c,f ex} = {Continue,File,Exit}. Its next-period 
state is given by 


R+1 if dy =c, 
xun = $ File if di =f, (4) 
Exit if di = ex. 


Once a firm’s state changes to File, its next-period 
state is determined exogenously by the FDA; that is, 
Launch with probability prj, 
Xitx1= 4 ExitFDA with probability pre, 
File 


(5) 
with probability prs=1—pri—pre, 


where pr; and pr, are the exogenous launch and exit 
probabilities respectively, and are directly informed by 
the data.’° 

A firm’s transition conditional on entry into Phase 3 
is captured in the schematic shown in Figure 6. 


3.2.2. Per-Period Utility. I now specify the current- 
period payoffs associated with each possible action a 
firm can take. For an entrant with two possible choices, 
the per-period utilities of staying out of the market 
and entering the market are given by Equations (6) 
and (7), respectively: 


Une = 0 + Ene. 
Ue = —Center + Ee- 


(6) 
(7) 


where Center is the cost associated with entering 
Phase 3. 


573 


Figure 6. Schematic of a Firm’s Transition from a Research 
Year to the Next State 
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For an incumbent with three possible choices, the 
utility from continuing research, filing for an NDA, 
and exiting the market are respectively given by 
Equations (8)-(10): 


Uc(Xt) = =c, (Xi) + Ec (8) 
Uf (x1) = Cp (Xit) + Ef (9) 
tex U Ge, (10) 


where c,(xi) is the cost of continuing research and is 
allowed to depend on firm i's own state. This allows 
the cost of research to be a flexible function of the 
firm’s investment. The term c(x;) reflects the likeli- 
hood that a firm is more or less likely to file with the 
FDA when its level of investment is x. For example, if 
c(xit) is decreasing in x, then the more years a firm 
spends in research, the more likely it is to file with the 
FDA. On the other hand, if this function is increasing 
in x, the firm is less likely to file with the FDA, 
reflecting the fact that the firm was not able to garner 
positive results over the years of research. Firms’ final 
clinical trial outcome is captured through ey. The 
error terms allow drugs with identical states to have 
different outcomes and success rates (mimicking re- 
ality). The error term is interpreted as an unobserved 
state variable, the exact realization of which is observed 
only to the agent (Rust 1994). Persistent heterogeneity 
within a drug, ifany, will be infeasible to capture because 
of the small number of observations per drug. 

If the firm has reached the launch phase, it earns 
profits that are allowed to depend on the number of 
competitors who are also in the launch stage. I assume 
the following form of the payoff function: 


u(x) = n +5 >) I(x = Launch), (11) 


where > _;1(xj= Launch) is the total number of competing 
firms in the launched state, 7 is the profit potential of 


the market when no competitors are present, and 6 is 
the impact of additional competitors on profits. 
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This payoff function deviates from the typical payoff 
used in the literature, which uses product substitut- 
ability as revealed by consumer purchase decisions in 
the marketplace to infer the degree of competition. 
This is because, unlike most industries, the pharma- 
ceutical industry has a very high failure rate: in the 
data, only 5.71% of all drugs reach a launch stage. 
Inferring competition from marketplace substitution is 
nearly impossible, because one does not observe such 
substitution for most of the drugs in the data. More- 
over, one cannot use characteristic-based models (e.g., 
Berry and Pakes 2007), using demand data from 
launched products to infer demand for unlaunched 
products with similar characteristics. Such inference 
is infeasible in this setting because a large majority of 
indications do not have even one launched drug in the 
span of the data.’” Asa result, I focus on recovering 6, 
which reveals competitive behavior as inferred from 
firms’ exit decisions in R&D. This functional form 
allows for different revenues when there is just one 
firm in the market and when there are multiple firms. 
However, it is assumed that the first and second 
additional competitors impact the focal firm’s prof- 
itability similarly. In Online Appendix F, I relax this 
assumption allowing the first additional competitor 
to have a different impact than the second additional 
competitor. I find that when there are two additional 
launched firms, the impact is almost twice that of 
when there is just one additional launched firm, 
justifying the simple functional form assumption of 
the competitive impact as dN. 

The structural parameters are represented by the 
vector 0 = {Center,Crs Cf, Tl, ô}. 


3.2.3. Value Functions. The choice-specific value func- 
tions if a firm is a potential entrant can be given by the 
following equations: 


Vne(Xt,8) = Une +B >) Emaxe(Vne(Xt+1, 8), Ve(Xt+1,5)) 


Xi 


p fae(xirilxt), (12) 


V.(xt, s) 
= te + B >) Emaxe (Ve(xt31,5), Vf(Xt+1,8), Vex(Xt+1,8)) 


Xii 


‘fe(xmilxi). (13) 
The summation is over all the possible states (dim []_;| 
X-im1l) that all of firm i's competitors can be in, in the 
next time period.'® The probability of each of these 
states occurring is given by fj(x1+1|x;) if j was the action i 
chose in period t. Note that i’s own state in the next 
period can be determined from the state-transition 
equations described in Equations (3)-(5). 
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The choice-specific value functions for an incum- 
bent firm is given by the following equations: 


Ve(Xt, 5) = Uc(Xt) + B >) Emaxe (Ve(%t41,8), Vp(Xt41,5), 


Xt 


Vex(X141,8)) + fel Xt+11%4), 
Vj (X18) = Up(X1)+B >) (pri Vi(X141,/8) + pre Vexeva(Xt+1/8) 


+ pre Veepa(Xt+1/S)) firal), (15) 
Vex (Xt, s)=0. (16) 


Oncea firm has filed with the FDA, the corresponding 
value functions are 


(14) 


Vilxt,s) = m(x 5) +B >) Vini S) fi Cral), 


Xil 


Verva(x,s)=0+B X (pri Vi(X1,8)+ pre Vexroa(Xn1,5) 


Xir 


(17) 


(18) 
(19) 


+ pre -Verva(Xt+1/5)) fepaki), 
VexEDA(Xt, s) =0. 


Note that although Equations (17)-(19) aresubscripted 
for launch, file, and rejection, they are not choice specific, 
because the firm does not determine these outcomes. 


3.2.4. Equilibrium. Firms are assumed to be sym- 
metric in their actions, and their strategies are as- 
sumed to be Markov perfect. A firm chooses the 
action that maximizes its value function conditional 
on the current state space and its expectation of other 
firms’ strategies: 


V (xe sdi d-i) > V (xe s|di d-i). (20) 


4. Estimation 

The parameters are recovered using the EM algorithm 
described in Arcidiacono and Miller (2011). The es- 
timation recovers (1) the probability qms that market m 
belongs to type s, (2) the overall population proba- 
bility of the unobserved states Tts, (3) the type-specific 
conditional choice probabilities (CCPs) as a function 
of observed states, and (4) the type-specific struc- 
tural parameters 0. The discount factor, B, is assumed 
to be 0.9. 

In Online Appendix E, these parameters are re- 
covered by therapeutic area (i.e., assuming type s 
is observed). 

I first specify the likelihood of the data and how 
to obtain the CCPs from the data, and then I list the 
steps used in estimation. To ease the computational 
burden, if a market contains more than four incum- 
bents, I use only the first four firms that entered 
the market. 
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4.1. Likelihood 

Assuming the e’s are independent and identically 
distributed and follow a Type I extreme-value dis- 
tribution, the choice-specific value functions for an 
incumbent can be written as 

Ve(Xt,5;O) = — Cr(Xit) 


+ B pel + Infe”) 4 e% 5:9) 4 Pas) 


Xii 


$ f(X lx), 
D¢(X1,8;9)=— Cf (Xit) +B >) (prr Vix141,570) 


Xii 
+ pre’ Vexrpa(Xt+1,8;8) + pre + Veeva(%141,8;8)) 
- frale), (22) 
(23) 


(21) 


Vex(X1,8;0) =0, 


where v(.) = V(.) — £, and T is the Euler function. 
Equation (21) can be further simplified by using the 
fact that exiting the market is a terminal action: 





aye i [ees] 
Ve(Xt, s; 0) = (ain) +B DY A ee 
» felXs1lt), (24) 
where 
evex(%t,5;9) 
Pex(xt,$;0) = (25) 


erclxs®) 4 eS) 4. Peles) ` 


But pex(x;,8;0) is the CCP of exiting the market and 

can be estimated directly from the data. Replacing 

Pex(X1,8; 0) with p,»(x;,s), Equation (24) simplifies to 
Ve(X1, 8; P, 0) = —cr(xi) + B X (E — In(pex(x141,5))) 


Xil 


$ fe(Xt+11Xt), 


which requires computation of only one-period-ahead 
CCPs. This idea has been illustrated in Hotz and Miller 
(1993). Arcidiacono and Ellickson (2011) provide a 
review of empirical applications that use this sim- 
plification, along with detailed derivations. 

Note the same simplification cannot be applied to 
U¢(Xt, 8; 0), because once the firm has filed with the FDA, 
it no longer has a choice to make—the FDA makes 
all further decisions. Thus, to compute Of (Xt, S; p, 9), 
I simulate out V; and Vfrpa using p for T time periods. 
Note that a further simplification can be made when 
the value function is linear in @ (Bajari et al. 2007). 
For a given state vector and CCPs, firm actions can be 
forward simulated. Once any given firm has filed, 
whether it receives an approval or rejection by the 
FDA is simulated by drawing probabilities from 
a uniform distribution NS times. In Equations (27) 
and (28), terms 1(Launch;) and >_;1(Launch;) are 


(26) 
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precomputed prior to the maximization step, resulting 
in value functions linear in 7 and ô: 


T 
Vilxis1,s; 8) = >) p (: +ô Fi aun} (27) 
10 = 


F 
Vfrpa (Xt /3;0)= DE [-stawnchyo S31 re} ‘ 
1=0 =i 


(28) 
The choice-specific value functions for an entrant can 
be written as 


Ve(Xt,S; P, 0) 

= —Center +B J (E — In(Pex(Xt41,5))) -fe(Xrsalee), (29) 
Une(Xt, s; P, 0) 

=0 +6 SUE + Infexp(v-(x1+1,5; )) 


+ exp(One(X141,5;9))]) © fre(X1411%1) (30) 


=p>(r+ mRet N flante) 


= Pe(X141,8;0) 


= B DUE + ve(xt41, 5; 0) — In(pe(x1+1, S; 0))) fne (rlx) 


Xt+1 


=p 5 F — Center +p SC = In(Pex(X142, s))) = felXt421%t41) 


—In(pe(X141,5; o) ‘fae(Xilxe), 


which requires evaluation of two-period-ahead CCPs. 
The likelihoods of the data for an incumbent and 

an entrant are given by Equations (31) and (32), 

respectively: 

limts (YimelXt,5;P,0) 

exp(ve(XtS;0)) - (Yim =0)+exp(vf(xes;0)) -1 (Yim =f) 

+1- 1 (Yim =ex) 
exp(ve(x,5s;0))+exp(vr(x,s;0))+1 


7 


(31) 
Limts (YimelXt,8;P,0) 
_exp(Ve(%:,5;9))- 1 (Yim =e) + EXP (One(Xt,5;9)) +1 (Yim=ne) 
p exp(V-(X4,8;9)) FEXP(One(X1,8;9)) É 
(32) 
where Yim is the action taken by firm i in market m at 
time t. 


Aggregating across all firms and years, the likeli- 
hood of market m of unobserved type s is given by 


IT 
Tins (Ymlx, 3; P, 8) = [I [ [Hints (Yimelxe, $7, 6). 


i=l 1 
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Aggregating across all types and markets, the log- 
likelihood of the data is 


M S 
I(yļx; Ê, 8) E py msn (Lins (Ymlx, S; B, 8)), (33) 
1 


m=1 s= 


where fms is the probability that market m is of types. 


4.2. CCP Estimation 

To get the CCPs, p, I use a parametric approximation. 
Let @ccp denote the parameter vector describing the 
CCPs. For incumbents, | estimate a logit on the prob- 
abilities of continuing, filing, and exiting the market, 
and for entrants, I estimate a logit on the probabilities 
of entering and not entering; ms are used as weights 
in the logit likelihood. 

The continuation function is specified as a linear 
combination of (1,>-;(x-j=Launch), >-;(x-i= Exit), 
Di (x €{R1,...,R5}),D-i(X-=File),D -(x-a=ExitFDA), 
D-i(x-in=Launch),x;). The function for the entry choice 
probabilities is specified as a linear combination 
of (1, D-i(x-ir = Launch), D-i(x-i¢ = Exit), D-i(x-it € {R1, 
..-,R5}), D-i(x-it = File), D_(x-it = ExitFDA)). 


4.3. EM Algorithm 
I operationalize the EM algorithm with starting values 
nl, 0\-p,6', where the superscript denotes the Ith 
iteration of the EM algorithm. Following Arcidiacono 
and Miller (2011), I update fms, Tis, 9ccp, O as follows: 
Ims(Ymb SO cp!) 

1. g = i ee . 

pA m+ — Zan T 

3. Obtain OH} using the specification in Sec- 
tion 4.2 and q/#! as weights. 

4. oS argmax 5M De qe n(Ins(Ymlx5; 00). 

These steps are repeated until |n! +! — n!| < tol. 


4.4. Identification 

Here, I briefly go over the identification of the second- 
stage parameters 0 = [Center,Cr,Cf, n, ô]. Pesendorfer 
and Schmidt-Dengler (2008) study identification in 
the context of dynamic games. In their simple illus- 
trative entry/exit model, firms decide whether to 
enter, to remain active, or to exit. The state space 
includes whether the firm was active in the previous 
period, s; = 2, or not, s; = 1. Specifically, from the 
payoff function shown in Table 6, they can identify n! 
and c. Observing a firm’s action when the second 
player is active allows them to identify the duopoly 
profits n?. Here, a; = 0,s;= 1 describes a potential 
entrant that has not yet entered; a; = 1,s; = 1 describes 
a potential entrant that has just entered; a; = 0,5; = 2 
describes an incumbent that has exited; and a; = 1,5; =2 
pertains to an active incumbent. 
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The model in this paper is an extension of their 
entry/exit model with one main difference: a firm’s 
action does not directly translate into current-period 
profits; a firm can only earn profits if it wins FDA 
approval. After filing, a firm does not take any action 
but is passively awaiting FDA approval. The pay- 
off matrix can then be written as shown in Table 7, 
where a; = 2 denotes the action of filing. Note that 
once a firm has filed, it has no further action to take. In 
an abuse of notation, I have included the future-term 
profits in the payoff from filing. However, this fea- 
ture is important—the net present value of profits 
always enters the payoff from filing in the same form 
irrespective of the state space.'? The only change is 
when an additional competitor has launched, but this 
helps identify the competitive impact parameter or 
duopoly profits. From this payoff matrix, similar 
to Pesendorfer and Schmidt-Dengler (2008), the ob- 
served rate of entry identifies the entry cost c,, and the 
continuation rate identifies the cost of research c, 
relative to the cost of exiting. In addition, the observed 
filing rate identifies the net of cost of filing cy and 
profits 7!. One cannot separately identify the two.?° 
I therefore normalize filing costs to 0 because filing with 
the FDA is costless for a firm?” The competitive impact 
parameter ô is identified based on firms’ responses to 
launched competitors. If we observe more exits when 
more launched competitors are present, it implies a 
negative effect of competition on revenues. 


5. Results 
5.1. Estimation Details 
In this section, I report the results under the as- 
sumption that firms get T = 30 years upon approval 
(i.e., patent life is not binding and patent extension is 
feasible). Online Appendix D reports the estimates 
under the assumption T = 5 years. The results are 
qualitatively similar. 

In estimation, | use a parsimonious model as well as 
a model that includes market and year fixed effects in 
the first and second stages of the model. I do so be- 
cause including market and year fixed effects makes 
the entry CCP estimates close to that recovered in the 
reduced form (Table 5).” In the second stage of 
Specification (2), I allow for a different entry cost 
parameter for each market and each year. I also 
allow for a different research cost parameter for each 
therapeutic area (it is infeasible to estimate research 
costs at the market level) and each year. Such a 
structural model will have entry and continuation 
CCPs that differ for each market and year. Ideally, the 
CCPs would be estimated market by market and year 
by year, but data sparsity prevents such a flexible 
specification. The assumption is that fixed effects in 
the CCPs are sufficient to absorb this variation. 
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Table 6. Payoffs in a Standard Entry/Exit Model 


s;=1 4 =2 


a,=0 0 x 
a,=1 m+ec T 


I recover two (unobserved) types of markets using 
the EM algorithm. Each disease market is a mixture of 
the two latent types recovered. In Specification (1), the 
percentage of type 1 markets from the estimation 
is 4%, which implies that the average disease market 
is 4% type 1 and 96% type 2. Across all markets, the 
percentage that a market is type 1 varies from 0.7% to 
11.94%. Even though 96% of markets are type 2, allowing 
for two types leads to a better fit relative to allowing for 
only one type. The log likelihood of a two-type model is 
2,471.0 and for a one-type model is 2,495.57. The likeli- 
hood ratio test statistic 2(LLiwo-type — LLone-type) = 49.14 
is greater than x?(26, 0.05) = 38.8. This test supports 
the two-type model, which has an additional 26 pa- 
rameters, at a significance level of 0.05. In Specifica- 
tion (2), the test supports the one-type model, likely 
because of the large number of fixed effects included. 
However, I include two types in this specification 
because it helps recover important aspects of het- 
erogeneity that otherwise get attenuated in a homo- 
geneous model. 


5.2. CCP Estimates 

The CCP estimates, @ccp, for continuation and filing 
for incumbents, and entering for entrants, are shown 
by type of market in Table 8. The signs of both the 
continuation and entry CCPs, in Specification (2), 
are inline with the reduced-form estimates. Overall, 
these estimates indicate competition has a negative 
effect on a firm’s continuation decisions. On average, 
the focal firm is less likely to continue when a com- 
petitor has launched or is in research, and it is more 
likely to continue when a competitor has exited the 
market or has received an FDA rejection. The focal 
firm is also less likely to enter when a competitor has 
launched or is in research. 

However, the likelihood of entry decreases when 
competitors exit. This can occur because data restric- 
tions imply that we do not always see outcomes over the 
entire state space. For example, we might always see 
more exits accompanied with more launches. If this is 
the case, the reduced form will provide inconsistent 
estimates. Second, from a statistical perspective, there is 
a chance that one parameter has a wrong sign. This is 
more likely in the first stage where there are many es- 
timates. However, the hope is that other states are in- 
formative of competitive conduct, and we accurately 
estimate the competitive parameter, which is the object 
of interest. 
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Table 7. Payoffs Including the Decision to File 
4=1 s=2 
a,=0 0 x 
a,=1 Ce Cr 
q=2 N/A c+ mf (pri) 


5.3. Structural Estimates 

Table 9 presents the structural parameter estimates 0. 
Research costs in Specification (1), which does not 
include fixed effects, are positive, suggesting con- 
tinuing research is costly. In this specification, the net 
payoff from entering Phase 3 is positive, implying 
that firms have incentives to enter even when the 
market may not support such entry. This higher rate 
of entry might occur if there is an immediate payoff 
from stock market/ shareholder response upon seeing 
an advancement in the firm’s pipeline.” 

The monopoly yearly revenue for type 2 markets is 
about half the cost of doing research in year 1. Upon 
launching, with 20 years remaining, a monopolist 
would earn 1.437 utils of revenue. The main param- 
eter of interest, ô, is significantly negative for type 2 
markets. The value of 6 relative to 7 indicates most 
markets support at most two launched firms. 

Estimates in Specification (2) largely echo these find- 
ings. Note the reported research costs cannot be inter- 
preted directly, because research costs are a sum of these 
common research costs and the (unreported) market and 
year fixed effects in the decision to continue.” 

The mixture of types can be used to roughly compute 
the average number of firms each disease market 
supports. I compute the weighted average of m and ô 
for each of the 294 disease markets as nm = Ds mss 
and Ôm = Xs 4msds- The resulting market-specific Tm 
and ôm can be used to compute the estimated number 
of firms each market can support as Nn = z= I then 
regress this estimated number on the actual number 
of firms, N, from the data. For Specification (1), the 
estimated coefficient is 1.13 and is statistically sig- 
nificant (t-statistic = 6.1), and for Specification (2), the 
estimate is 1.28 (t-statistic = 4.23), indicating that the 
mixture allows different markets to support different 
numbers of firms. Moreover, this coefficient is sta- 
tistically not different from 1, indicating that the 
structural model predicts the data well, providing a 
validation check. Figure 7 plots the relationship be- 
tween the estimated (using estimates from Specifi- 
cation (2)) and true N per market. Having just one 
type would restrict all markets to have the same 6 
and 7, which would not represent the heterogeneity 
present across all markets. 

In Online Appendix E, where I estimate the model by 
therapeutic area, I find a similar effect of competition. 
Although a lack of sufficient observations per therapeutic 


PFIZER 


83 


Rao: Strategic R&D Investment Decisions in the Pharmaceutical Industry 


578 Marketing Science, 2020, vol. 39, no. 3, pp. 564-586, © 2020 INFORMS 


Table 8. CCP Estimates: Oc¢cp 


Specification (1) Specification (2) 
Type 1 Type 2 Type 1 Type 2 
Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic 
Incumbent (base outcome: exit) 
Continue 
Constant 1.76 2.14 4.13 21.79 4.42 15.06 5.81 6.70 
Number of competitors launched —0.04 -0.03 —0.28 -2.03 —0.20 -1.53 -3.08 -5.18 
Number of competitors exited 0.30 0.23 0.11 0.75 0.32 1.95 6.04 289.05 
Number of competitors in research -1.53 —1.06 —0.22 -2.24 —0.33 -3.49 —0.16 —0.24 
Number of competitors in filed status -1.69 -1.52 0.32 1.47 0.41 1.72 2.32 33.47 
Number of competitors exited due to FDA 1.62 2.66 0.64 3.43 1.09 6.44 — N/A 
Own state: Research Year 1 1.40 2.04 —1.66 -9.76 —1.28 —6.84 3.35 138.92 
Own state: Research Year 2 -0.53 -0.73 —1.64 -8.65 -1.24 —6.47 3.77 101.86 
Own state: Research Year 3 -5.61 -7.52 -1.29 6.23 -1.11 —4.17 3.30 71.14 
Own state: Research Year 4 -1.76 -1.54 -1.00 -3.97 -0.77 —3.62 -0.93 -1.48 
File 
Constant 2.02 1.87 0.34 253 0.44 4.94 -1.58 —1.94 
Entrant (base outcome: not enter) 
Enter 
Constant -1.72 -6.79 -1.98 —40.28 -5.21 —14.57 -5.07 —=13.36 
Number of competitors launched 0.44 0.46 0.65 5.48 -2.86 -6.25 —0.08 -5.25 
Number of competitors exited 1.73 215 0.65 4.21 —1.58 -3.83 -2.42 -8.61 
Number of competitors in research 0.46 0.84 0.53 5.51 -1.24 —6.50 -1.77 -5.52 
Number of competitors in filed status —0.68 -0.61 0.08 0.37 —2.46 -5.95 — N/A 
Number of competitors exited due to FDA 0.18 0.55 0.05 0.16 -3.61 -5.26 — N/A 
Fixed effects No Yes 
% type m 4.08 95.92 89.6 10.4 
Number of markets 294 294 


Notes. Standard errors are computed using bootstrap with replacement over 40 draws. Specification (1) has no fixed effects. Specification (2) has 
year and market fixed effects (unreported) in both the first and second stages of the entry and continuation models. (—, N/A): insufficient data to 
estimate parameter. 


area makes meaningful statistical inference difficult, the 
sign of the competitive impact parameter for 16 of the 19 
therapeutic areas where estimation is feasible is negative. 
In Online Appendix F, I also provide estimates from a 


more flexible profit function, which allows the first firm 
to have a different impact than the second firm. 

The FDA approval probabilities (Table 10) are re- 
covered directly from the data. Conditional on being 


Table 9. Structural Parameter Estimates: 0 


Specification (1) Specification (2) 
Type 1 Type 2 Type 1 Type 2 
Parameter Symbol Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic 
Entry payoff Center -1.89 —0.92 -0.95 -3.39 
Research cost (Year 1) Cri —0.04 —0.02 0.43 2.82 -0.14 —0.62 0.49 -7.72 
Research cost (Year 2) Cr 1.63 1.83 0.68 4.35 —0.03 -0.10 1.14 —11.87 
Research cost (Year 3) cra 8.70 5.73 0.56 2.98 0.07 0.20 —4.20 —33.50 
Research cost (Year 4) Crt 11.29 10.03 1.10 4.47 0.34 0.99 0.35 0.31 
Research cost (Year 5) rs — N/A 0.11 2.56 —0.43 -1.77 —0.51 -0.33 
Revenue T -0.32 —0.08 0.18 3.25 0.22 452 —1.00 —1.50 
Competitive impact ô 0.80 0.26 -0.10 -1.93 -0.09 -1.99 0.07 0.20 
Fixed effects No Yes 
4.08% 2.70 89.6% 91.96 


% type m 
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Figure 7. (Color online) Plot of Estimated N vs. Actual N 
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Note. Slope of the line is close to 1. 


in review, a firm has a 26.2% chance of receiving ap- 
proval, a 71.6% chance of remaining in review, and a 
2.3% chance of receiving rejection. 

I next simulate out the equilibrium responses of 
firms for T = 50 periods using the structural estimates 
and the model in Section 3. I do this to (1) compare the 
simulation outcome to the data, providing a valida- 
tion check, and (2) evaluate the impact of competitors 
on a firm’s payoff conditional on launching. The 
equilibrium I consider is Markov perfect, where firms’ 
strategies depend only on the current state variables. 
In equilibrium, each firm behaves optimally and has 
rational expectations about competitors’ actions. To 
solve for the equilibrium, | backward simulate the 
dynamic game starting at T = 50. Each period, I solve 
for the equilibrium at each possible state. Upon 
launch, and in line with the estimation model, firms 
get 30 years to participate in the market after which 
revenues drop to zero. 

To make meaningful comparisons between the 
data and simulations, I perform the validation exer- 
cise using type 2 market estimates from Specifica- 
tion (1). The absence of fixed effects in this specifi- 
cation implies that I do not have to solve the model 
for every market separately. Moreover, I can pool 
across markets in the data getting meaningful prob- 
abilities, whereas focusing on one market can result 
in sparse values at any given state. Table 11 provides 


Table 10. FDA Approval Probabilities Conditional on 
Firm’s Filing for an NDA 


Prohahilitw of 
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Table 11. Validation Check 


N Data (%) Simulation (%) 


Pr(Entry) 263 13.5 11.6 
Pr(Exit) (from research) 35 34 42 
Pr(File) (from research) 77 78 9.7 


Note. No competitor has entered the market. 


a validation check on Entry, Exit, and File probabilities 
when no other player has entered the market. The Exit 
and File probabilities are averaged over all possible 
research states to allow for sufficient observations. In 
Table 11, N is the total number of observations in the 
data that satisfy the relevant criteria. The model ap- 
pears to replicate the data reasonably well. 


5.4. Impact of Competition on Expected Profits 

In Figure 8, I plot the value function conditional on 
launching as a function of competitors’ states. For this 
computation and for all counterfactuals, | simulate 
the equilibrium using type 1 market estimates from 
Specification (2). Each line represents the value func- 
tion evaluated at four different states; the baseline is 
the value when no other firm has entered R&D. The 
dotted line plots the value when 0, 1, 2, or 3 of the 
firm’s competitors have entered Phase 3. This line 
shows that as the number of competitors that have 
entered Phase 3 increases, the NPV of profits de- 
creases, but not by much, because firms know that 
after entry, the competitor still has many years 
remaining before it might launch in the market. 
However, if the competitor has filed, there is a 26.2% 
probability that it will get approved, and this causes 
the NPV to decline further. Finally, as the number of 
competitors that have launched increases, profits 
decline the most. Figure 8 also shows that the NPV of 
profits becomes negative when the number of com- 
petitors reaches three, implying that the market does 
not support more than two firms. 


Figure 8. (Color online) Impact of Competition on Profits 
Conditional on Launching 
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6. Counterfactual Policy Evaluations 

6.1. Effect of a Faster FDA Approval Process 

To measure the impact of a faster FDA approval 
process, I modify the FDA’s probability of approvalso 
that the time in review is reduced, holding fixed the 
total number of approvals. Table 12 presents the 
current FDA probabilities as well as the probabilities 
used in this counterfactual evaluation, and Figure 9 
plots these probabilities over time. In the data, the 
probability of a firm staying in review is 71.6%, whereas 
in the counterfactual, I reduce this to 31.6%. I adjust 
the per-period approval probability to 62.9% to en- 
sure that overall approval and rejection probabilities 
are the same over a span of 20 years; that is, 


T T 
Dpr pri = DUP Ty faster’ PT faster, 
1 1 
where pry faster is the in-review probability in the 
counterfactual of a faster FDA approval. 

I then recompute the new equilibrium under the 
counterfactual of a faster approval process. The ap- 
pendix presents the algorithm for computing the 
equilibrium. For all counterfactuals, I simulate the 
equilibrium using type 1 market estimates from 
Specification (2). For the sake of illustration, I restrict 
attention to the therapeutic area trauma (to deter- 
mine research costs) and the market schizoaffective 
disorders, which is categorized under this thera- 
peutic area (for entry costs). The respective research 
and entry costs are 0.43 and 23.48. For year fixed 
effects, I take the average estimated value across the 
12 estimates for the 12 years, resulting in an average 
yearly entry cost of —23.13. The qualitative nature of 
the results holds under various other specifications 
tried (including using zero research and entry costs, 
fixed effects from a market with lower entry costs, and 
estimates from Specification (1)): only the absolute 
levels of the probabilities change. 


6.1.1. Expedited Review Increases Competitive Intensity. | 
first evaluate the NPV of profits for a firm that has just 
launched. Because the speediness of the approval 
process does not directly impact the launched firm 
(it has already received approval), any difference in 
NPV arises from the extent to which its competitors 


Table 12. FDA Approval Probabilities Conditional on Firm 
Filing for an NDA 


Probability of... 
Remaining in review Approval Rejection 
(%) (%) (%) 
Current FDA 71.60 26.20 2.30 
Faster FDA 31.60 62.99 5.41 
Approwl 
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Figure 9. (Color online) Ex Ante Probabilities of Remaining 
In Review and Approval 
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are impacted by the expedited review. This exercise 
therefore helps evaluate the impact coming solely 
from strategic considerations. I also assume that 
upon launch, a firm has 30 years to enjoy its profits. 
Figure 10 plots the value function conditional on a 
launch. In the counterfactual of a faster FDA process, 
the NPV conditional on a launch is lower and declines 
much more rapidly as the competitor gets closer 
to a launch. The decline occurs because, unlike in 
the current FDA, competitors remain in review for 
shorter periods of time, which in turn reduces the 
launched firm’s term as a monopolist. Ching (2010a) 
documents a similar effect in the generics market. 


6.1.2. Expedited Review Encourages Innovation. The 
NPV of profits, conditionalon a launch, is informative 
of the increased competitive intensity firms face once 
in the market under an expedited FDA. However, this 
does not inform us of the degree to which an expe- 
dited review process is beneficial. To see whether the 
lower NPV of profits outweighs the quicker access to 
these profits, one needs to look at the value of entry. 
To this end, I plot the value function of entering R&D 
(Figure 11), as well as the probability of entering 


Figure 10. (Color online) Impact of Competition on 
Profits—Faster FDA Approval Reduces NPV of Profits 
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Figure 11. (Color online) Value Function of Entering as a 
Function of Competitor’s States—Faster FDA Approval 
Encourages Entry 
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(Figure 12), as a function of the number of competitors 
who have entered the research process. Clearly, these 
figures show that quicker access to the market outweighs 
the loss from having a more competitive market. This is 
true as long as fewer than three firms have filed or 
launched, because the market does not support more 
than three launched firms. 


6.1.3. Negative Impact of an Expedited Review Process?. 
The high degree of uncertainty of the pharmaceutical 
R&D process implies that the first firm to enter R&D 
need not be the first to launch. A late entrant that 
receives a positive draw in the research process can 
reach the market first. In sucha case, the probability is 
higher that the early entrants (incumbents) exit the 
R&D process. Figure 13 plots the exit rates as a 
function of the firm’s competitor, when two com- 
petitors have already launched. The exit probability 
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of the incumbent increases if the competitor files or 
launches, which is cause for concern surrounding 
wasteful investment. To see whether this increased 
exit rate is economically significant, I quantify the 
R&D dollars that might have been unnecessarily 
spent. The additional increase in exit rate, when two 
competitors have filed and the other has not entered, 
is 0.0001. Assuming Phase 3 R&D costs per firm of 
$200 million?” implies a wasteful investment of $0.02 
million. This amount is fairly insignificant given 
(1) the high R&D costs firms incur and (2) the poten- 
tial benefits to consumers of having more entrants vie 
for entry into the marketplace. 


6.1.4. Quantifying the Effects: Competitive Intensity vs. 
Reduced Time to Market. To quantify the extent to 
which each effect dominates, I compare the value func- 
tions solved by computing the dynamic equilibrium 
under a faster FDA approval process to the value func- 
tions if firms acted without any strategic behavior (i.e., 
ignored the states of their competitors).”° Figure 14 plots 
the entry value functions, ve, under the two scenarios 
along with the base-case scenario of the current ap- 
proval process. The state space chosen is such that the 
firm’s competitors are far from launching (no one else 
has entered). As can be seen, the focal firm benefits 
from an expedited approval process: the value from 
entering is 1.17% higher than in the current FDA 
approval process. In other words, the benefit from the 
reduced time to market outweighs the competitive 
effects. Note that in a world where patent life is more 
binding, an expedited approval provides the added 
benefit of longer time remaining on a firm’s patent. The 
bias, if firms did not consider their competitors’ strategic 
responses, is 1.27%. 


Figure 12. (Color online) Entry Probability as a Function of Competitor’s States—Firm Is More Likely to Enter Under 
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Figure 13. (Color online) Exit Probability as a Function of Competitor’s States—Higher Exit Rates When Competitors Are 
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Next, I repeat the same exercise but for when the 
firm’s competitors are close to launch (three com- 
petitors have filed). Figure 15 shows that the focal 
firm is worse off under an expedited approval pro- 
cess, because competitive effects outweigh any po- 
tential gain froma faster approval process. Compared 
with the current regime, the focal firm’s access to mo- 
nopoly profits is lower when competitors are likely to 
get an approval soon. Moreover, when competitors’ 
states are not accounted for, one can misleadingly 
conclude a large positive impact of an expedited 
FDA process. 


6.2. Increased Market Exclusivity 

To evaluate the impact of longer market exclusivity, 
I extend the current FDA-granted exclusivity by one 
year. To realistically simulate this, | use the model 
estimates where firms get five years upon launch, 
reported in Online Appendix D. I do not use the 
modelestimates where firms get 30 years upon launch 
because that implies a long remaining patent life, and 


Figure 14. (Color online) Reduced Time to Market 
Dominates When Competitors Are Far from Launch 


an extension in exclusivity by one year will have little 
perceptible impact. 

Figure 16 plots entry probabilities under the cur- 
rent exclusivity period (5 years), expedited ap- 
proval (5 years), and increased exclusivity (6 years). 
Although increased exclusivity increases the proba- 
bility of entry, this increase is lesser than when the 
approval process is faster. An early approval provides 
a larger incentive for firms because firms can begin 
earning profits sooner: the competitive intensity is 
outweighed by the quicker access to the market, as 
shown in Figures 11 and 12. However, conditional on 
a launch, increased market exclusivity benefits the 
focal firm (Figure 17). This is because, under increased 
exclusivity, the firm gets an additional year to earn 
profits. However, under an expedited approval, a 
launched firm is under the threat that its competi- 
tors will soon get an approval limiting its time as 
a monopolist. 

From the focal firm’s perspective (that would oth- 
erwise have been the only player), an expedited 


Figure 15. (Color online) Competitive Effects Dominate 
When Competitors Are Close to Launch 
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Figure 16. (Color online) Entry Probability: Firm Is More Likely to Enter Under Longer Exclusivity but Less Likely Than 
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approval intensifies competition and leads to lower 
profits. However, from a new entrant’s perspec- 
tive (that would otherwise not have participated 
in the market), an expedited approval renders it a 
viable player. Market exclusivity, on the other hand, 
increases profits for the focal firm conditional on a 
launch, but because these profits are further into the 
future, the overall entry rates are not as high. 


7. Conclusion 

This paper finds that a faster FDA process, some- 
thing pharmaceutical firms are pushing for, is largely 
beneficial to firms and could also encourage inno- 
vation. Although firms face increased competition in 
this scenario, they benefit from the quicker access to 


profits. This paper also finds that ignoring strategic 
considerations can lead one to overestimate the value 
of entry, which can be especially misleading when 
the firms’ competitors are close to launching. Using a 
data set on Phase 3 clinical trial entry, continuation, 
and filing decisions, and FDA outcomes at the firm- 
market-year level, a dynamic model of oligopoly was 
estimated accounting for unobserved heterogeneity 
in markets. This paper finds evidence—both model- 
free and from the structural parameters—that com- 
petition has a negative impact on firms’ continuation 
decisions in R&D. 

This paper focused only on the Phase 3 stage of 
R&D. Acquiring data on the earlier phases of re- 
search can shed further light on the dynamics that occur 


Figure 17. (Color online) Impact of Competition on Profits—Faster FDA Approval Reduces NPV of Profits; Longer Exclusivity 
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in this industry. Because firms manage a portfolio of 
products, firm decisions across markets might not 
be independent. Exploring complementarities across 
markets is a direction for future work, where one might 
find that a launched competitor not only affects the 
market the focal firm is in but also spurs investment 
in another market belonging to the firm’s portfolio. 
Similarly, there might exist spillovers as firms learn 
from other firms’ successes and failures or from sci- 
entific advancements that might encourage R&D over 
time. Observing investment data alone is insufficient 
to disentangle these two factors: for example, more entry 
after the first launch could either be because (1) firms 
learn this is a profitable market or (2) a scientific ad- 
vancement makes it easy for the second firm to conduct 
R&D. Detailed data from the medical literature at the 
disease level might help control for scientific advance- 
ments. I suggest this as an avenue for future research. 
It was also assumed that, conditional on being in a 
research state, all firms are equal. Although this as- 
sumption seems reasonable given that these firms 
constitute the top 15 firms in the U.S. pharmaceutical 
industry, relaxing this assumption and accounting for 
firm heterogeneity is a direction for future work. 
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Appendix. Algorithm to Compute the Equilibrium 

This algorithm numerically computes the equilibrium for I 
firms given the structural parameters 0 and FDA approval 
probabilities pr. The algorithm assumes a finite-time ho- 
rizon of T years and uses backward induction to find the 
equilibrium between I firms for each tf and each state (x; s). 
In one counterfactual, I set T = 50 years, allowing firms to 
earn profits for 30 years conditional on approval. This 
setting mimics a world where patent extension is feasible 
and the time remaining ona drug’s patent isnot binding, an 
assumption supported by the findings in Section 2.6 (“Time 
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to patent expiry”). In another counterfactual, I set T = 20 
years and allow firms to earn profits for 5 years, mimicking 
a world where patents might be binding and the current 
market exclusivity period provided by the FDA binds. 

1. At the terminal period T, set v¢(x:,s) = 0, Of (Xt, 5) = 
0,Dex(Xt,5) = 0,P"dalXt,S) = O,Pexepa(%t,S) = 0, and vi(xe s) = 
u(x s). 

2. At each £, search for a fixed point such that | f'* — f'| < 
le=6. 

3. Given firm value functions at t + 1, solve by backward 
induction for the firm value functions at t. 

a. Compute the expected future value for every action j 
that firm i can take in state (x, s): 


Ev=E [rn De) sso, 


Xt 


where 
X41 is a vector of all possible combinations of states that 
i's competitors can be in; 
filt) = Ti f-i(-i,t41 +) is the probability that the next 
period’s state is x}, given that this period’s state is x, and 
firm i chose action j. 
b. Compute the value functions V(.) using Equations 
(1017). 
c. For each firm i, compute the new choice probabilities, 
ies defined by 


s) 


l- l 
f= 2 gea | f Cle). 
t1 
7 


4. Repeat steps 2 and 3 till the condition in step 2 
is satisfied. 


Endnotes 

‘Firms quote this uncertainty as a disclaimer in their forward-looking 
press release statements. 

? Examples include the following quotations: “In recent years, Mr 
Pharma will complain, the FDA’s approval process has become 
slower” (C.H. 2011), and “FDA approval of new products is deterring 
new investment in innovation” (quoted in Rappeport (2011)). 
’Grabowski and Kyle (2007) estimate that market exclusivity pe- 
riods range from 10 to 15 years, compared with the 20-year patent 
term awarded. 

‘For example, Hiltzik (2016) called the act “a huge deregulatory 
giveaway to the pharmaceutical and medical device industry,” and 
the cardiovascular division head at the Cleveland Clinic stated that 
“the powerful pharmaceutical lobby has helped turn the bill into a gift 
for drugmakers at the expense of patients” in a statement to NBC 
News (Fox 2015). 

5This is similar to a lowering of the entry threshold described in 
Bresnahan and Reiss (1991b). 

®See Gilbert (2006) for a review of the theoretical and empirical lit- 
erature on competition and innovation. 

7R&D investments that influence existing product quality or 
existing capacity have been the focus of empirical works such as 
Gowrisankaran and Town (1997) and Ryan (2012). See Doraszelski 
and Pakes (2007) for a review of other empirical applications. 
®This is according to the Pharmaceutical Research and Manufac- 
turers of America. See http://plg-group.com/wp-content/uploads/ 
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2014/03/Pharmaceutical-Profile-2006-Phrma.pdf. Accessed March 
2, 2020. 


9I refer to time spent in research as investment. Firms rarely disclose 
R&D investments in dollar amounts by disease indication. 

10 To ease the computational burden, I restrict the considered drugs 
to those affiliated with the top 15 firms by sales. I further consider 
only the first drug a firm entered a market with (thus potentially 
ignoring complementarities within a market), which brings down 
the number of markets from 513 to 294. 

11 See http: //www.centerwatch.com/dinical-trials /listings /defaultaspx? 
View=Areas. Accessed August 2017. 

12 To further justify this assumption, I divide the top 15 firms into two 
groups: those that have invested in many markets versus those that 
have invested in a few. At the extreme end, Pfizer has clinical trials in 
nearly 82 markets and Abbott only in 19 markets. This could account 
for asymmetry in firms. I run a similar regression as in Table 4 but 
with additional interactions of each of the dependent variables with 
an indicator for firms that have invested in many disease markets. 
Ido not find any evidence that firms that invest in more markets differ 
in terms of their responses to various competitor states, which justifies 
the assumption of symmetric firms. I also check whether company 
fixed effects (recovered in Table 4) differ significantly from each other 
in explaining a firm's decision to continue investment, after con- 
trolling for all variables and market and time fixed effects. I do not 
find any significant difference in firm-level fixed effects, indicating 
these top 15 firms are fairly similar. 

‘For example, the ADIS data set contains the drug name “etho- 
suximide,” launched for “absence seizures” in 1997 with the origi- 
nator being “Pfizer.” Putting in two of these keywords brings up two 
results in the USPTO database (putting in all three keywords re- 
sults in no result being found), which were filed in 2014 and 2015 
and hence not relevant to the drug launched in 1997. This perhaps 
implies that Pfizer acquired this drug from another institution 
(typically a research university). Searching instead for the drug name 
and indication leads us to 38 possible patents. Going through each of 
these patents individually reveals that some of the earlier patents are 
likely to be associated with this drug, but there is no way of knowing 
which one. Moreover, firms often file more than one patent specific to 
a molecule/indication: Ouellette (2010) reports that the average 
patents for drug molecules is 3.5, with the number being higher for 
drugs with higher sales potential. Collecting such patent data and 
accommodating it in the model is beyond the scope of the paper, but 
this could be potentially for future work. 


14 To limit the state space, I assume that once a firm has reached 
state 5, it continues to remain in state 5 until it exits or files. 


18 These probabilities can be allowed to be a function of the years 
spent in research prior to filing. This will allow for knowledge ac- 
cumulation as captured by Doraszelski (2003) and can accommodate, 
for example, higher approval probabilities if the firm spent more 
years in research. However, in the data, I do not find evidence 
supporting this: FDA approval probabilities are almost equal across 
all levels of investment. 

16 A recent literature uses outcomes from clinical research studies to 
study the diffusion of pharmaceutical innovations (e.g., Azoulay 
(2002), Ching and Ishihara (2010), Sood et al. (2014), Ching et al. 
(2016), and Ching and Lim (2020)). This body manually collects, for a 
small number of drugs (2-7) (1) journal publications and citation 
counts (Azoulay 2002), (2) average and standard deviation of the 
efficacy reported in clinical studies (Sood et al. 2014), or (3) codes the 
content of each clinical study to a multidimensional attribute space 
(Ching et al. 2016, Ching and Lim 2020). Doing so for the large 
number of drugs (over 300) studied in this paper requires automation. 
Although collecting journal publications and citation counts might 
be feasible, coding the result of each study requires manually creating 
an ontology framework so the algorithm can understand the meaning 
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of the text in context, determining in each context which effects are 
desirable or harmful. Such a task is beyond the scope of this paper 
and a direction that future research could take. 

Y However, as one gets access to more years of data, and as more 
drugs launch in the market, more accurate inferences can be made 
using demand data. 

ig Although each firm can be in 10 possible states, implying a sum- 
mation over 10! possible future states just one period ahead, a 
simplification occurs because each firm can be in a maximum of 
three future states. To see this, if a firm is an entrant, it can be in only 
two possible states next period; if it is an incumbent, it can be in only 
three possible states next period; and if it has filed, it can be in 
only three possible future states next period. This results in a smaller 
state space of maximum dimension 3'~! one period ahead. 

"In a two-period model, m'f(pr;) would be n! x $ x pr’. 

2 Another source of identification would be if FDA approval prob- 
abilities were different under different states (e.g., if a firm filed after 
three years of research, it was more likely to receive approval). 
However, such an assumption would lead to unrealistic predictions 
(i.e., firms would wait until year 3 to file with the FDA). The current 
model assumes such filing decisions are driven by a stochastic ele- 
ment, which is perhaps closer to reality. 

21 Firms pay a nominal fee to file with the FDA. According to the FDA 
(2017), this fee was $1.2 million in 2018, a small fraction compared 
with the amount spent in R&D. 

21 thank a reviewer for this suggestion. 

2 Such early entry is also consistent with the deterrence literature, 
where firms enter early to deter future competitors (e.g., Shen and 
Villas-Boas (2010)). 

Tt is possible that in some markets research costs are skewed 
negative. For example, in some markets, firms might be encouraged 
by the government to conduct research in otherwise unprofitable 
markets. To verify whether this is a possibility, I collect additional 
data from the National Institutes of Health, U.S. Department of 
Health and Human Services (National Institutes of Health 2019), to 
identify which disease markets receive funding (and how much) from 
the government. I then correlate the estimated classification of market 
types and the NIH funding by therapeutic area and disease market. 
Ifind markets classified as type 2 (in Specification 2) are more likely to 
receive NIH funding. Type 2 markets include markets such as in- 
fections, oncology, immunology, and vaccines, areas which receive 
disproportionately higher government funding and which might be 
underresearched if left to firms. We might therefore see firm in- 
vestment even when market forces deem it unfit for research. 

35 Mestre-Ferrandiz et al. (2012) cite development costs from Phase 1 
to Phase 3 at about $215-$220 million. The study also reports that no 
consistent estimates exist of the magnitude of the cost of the different 
clinical trial phases. Given that Phase 3 is the longest and costliest part 
of R&D, I assume a Phase 3 cost of $200 million to quantify the 
wasteful investment upon exit. 


* There is no equilibrium computation in the nonstrategic case. 
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COVID-19 Pandemic’s Impact on Household 
Employment and Income 


Updated November 9, 2020 


The Coronavirus Disease 2019 (COVID-19) pandemic has affected households in numerous ways, 
including shuttering business and schools, resulting in an economic recession and loss of employment 
income. An experimental U.S. Census Bureau household survey has been fielded to track the implications 
of the COVID-19 pandemic on households. This Insight provides some data from that survey, as well as 
links to research on the pandemic -induced recession’s effects on households and policy responses to 
them. 


Loss of Employment Income 


The Census survey found that close to half of all households in the United States experienced at least 
some loss of employment mcome since March 2020, when the economic effects of the pandemic first 
became apparent. The survey asked adults whether they lived in households that lost employment income 
from March 13, 2020, to when they were surveyed m late September through mid-October 2020. The 
survey did not ask whether that loss of employment income was directly attributable to the COVID-19 
pandemic. It also did not ask how much employment income was lost. 


While employment mcome loss was widespread, it was disproportionately in households that were n 
lower income categories in 2019 and households with children under age 18. Figure 1 shows the 
percentage of adults in households that reported income loss by their 2019 income category and family 
type. The largest proportion of households that lost employment mcome were those with children and low 
incomes (65% of households with 2019 mcomes below $25,000 and children lost some employment 
income since March); households without children and with a respondent age 65 and older were the least 
likely to lose employment mcome. 
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Figure |. Percentage of Adults in Households That Lost Employment Income Since 
March 2020, by 2019 Income Category 
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Source: CRS tabulations of U.S. Census Bureau's Household Pulse survey for September 30 through October 12, 2020. 


As shown in Figure 2, employment income losses were also more likely in households where the 
respondent was not White/non-Hispanic. The highest rate of mcome loss was among Hispanics (of any 
race), where 58% of the adult respondents said they were m households that lost employment income 
since March. About half of Black/non-Hispanic respondents said they were m households that lost 
employment mcome. 


Figure 2. Percentage of Adults in Households That Lost Employment Income Since March 
2020, by 2019 Income Category 


hii sany E i R; = 
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White/Nonhispanic - 





Source: CRS tabulations of U.S. Census Bureau’s Household Pulse survey for September 30 through October 12, 2020. 
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Policies Offsetting Employment Income Losses 


The Census survey did not ask respondents how much employment income was lost, or how much of this 
loss was replaced by government benefits. There are policies m place that usually kick m durmg 
economic slumps, such as unemployment msurance and Supplemental Nutrition Assistance Program 
(SNAP) benefits. Additionally, Congress enacted legislation in March 2020 that provided for temporary, 
ad-hoc enhancements to income maintenance policies, including the following: 


e Two temporary paid leave entitlements for some workers, which may be used for certain 
COVID-19-related needs, expiring at the end of 2020. 


e Enhanced unemployment insurance (UI), including providing an extra $600 in weekly 
benefits, expanding benefits to certain groups who usually do not qualify, and providing 
an extra 13 weeks of benefits. The extra $600 in benefits expired July 25, 2020, with 
other provisions expiring at the end of 2020. President Trump subsequently issued a 
presidential memorandum authorizmg Lost Wages Assistance (LWA) grants to 
supplement the weekly benefits of certain eligible UI claimants in participating states. 
LWA grants may be paid in the amount of $300 a week in federal funds; if a state chooses 
to contribute an additional $100 a week in state funds, the total is $400 a week. LWA 
grants are available through December 2020, but the program terminates earlier if certam 
conditions (related to funding or enactment of legislation) are met. 


e Help for small businesses, including a program (Paycheck Protection Program) that could 
help them maintain payrolls. 

e One-time direct payments to many individuals ($1,200 per person; $2,400 per married 
couple, with $500 for each dependent). 


The combined impact of employment income losses and government benefits on poverty rates will not be 
determined until the annual retrospective of income and poverty is released in the second half of 2021. 
However, researchers have used computer simulation models to make estimates of their impact on 
poverty. In summary, these studies find that the expanded benefits and one-time payments had the 
potential to offset the income losses and potential increases in poverty that occurred earlier in 2020 (see 
studies here, here, and here). However, the expected contmued employment income losses into the later 
part of 2020, the one-time nature of the payments to mdividuals, and the expiration of the extra $600 per 
week m unemployment msurance is likely to result m mcome losses and higher poverty rates for the 
remainder of 2020 and potentially result m a higher poverty rate for 2020 as a whole compared to the 
poverty rate for 2019 (see studies here and here). 
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Disclaimer 


This document was prepared by the Congressional Research Service (CRS). CRS serves as nonpartisan shared staff 
to congressional committees and Members of Congress. It operates solely at the behest ofand under the direction of 
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COVID-19 and the U.S. Economy 


On June 8, 2020, the National Bureau of Economic Research (NBER) announced that the United 

States entered intoa recession in March 2020, a result ofthe Coronavirus Disease 2019(COVID- Lida R. Weinstock 

19) pandemic. To preventthe spread of COVID-19. lockdown orders were issued in many parts Analyst in Macroeconomic 
of the country and travel restrictions were put in place. These measures, along with general fears Policy 

of the coronavirus, caused swift and large aggregate demandand supply shocks that resulted in 

the deepest economic downturn the United States has seen since the Great Depression. 


November 16, 2020 


In the post-World War Mera. the peak unemployment rate of 14.7% in April 2020 was the 

highestrecorded monthly rate. andthe second quarter annualized decline in gross domestic product (GDP) of 31.4%, driven 
by decreases in personal consumption expenditures and gross private fixed investment. was the highestrecorded single 
quarterly decline in real GDP. The pandemic caused relatively low inflation in the aggregate, and prices for certain goods, 
such as gasoline. decreased by double-digits. Although the economy has improved since the second quarter. including the 
highestsingle quarterly increase in GDP (33.1% annualized) in the third quarter and the decline in unemployment to 6.9% in 
October, most economic indicators show thateconomic activity has stillnot fully recovered. In some cases recovery appears 
to be slowing and the recession is not expected to end until the pandemic subsides. When the public health crisis began. many 
workers were laid offon temporary furloughs. but since then, many of those temporary job losses have become permanent. 
leading to concerns thatunemployment will remain high for several years. 


Other indicators are harder to parse. The personal saving rate in the United States increased to a peak of33.7% in April 2020 
and remains elevated frompre-pandemic rates. Althougha higher saving rate means lower consumption, which could hamper 
growth in the short run. it could also translate to higher investment levels. which would contribute to long-run growth. Labor 
productivity, a measure of labor efficiency. also increased in most major sectors, which would tend to positively affect short- 
run growth. However, this pattem is consistent with productivity pattems seen during recessions since the 1980s, and 
therefore is likely caused by employers’ ability to furlough or lay offtheir least efficient workers first and the temporary 
increase in capital per remaining worker. These effects are therefore likely to reverse themselves once therecession ends and 
not lead to any change in long-run growthrates. Some longer-lasting changes couldbe possible for specific groups of 
individuals. such as those who work for industries that have been hardesthit by the pandemic. Questions ofchanging 
consumer preference and the potential for the saving rate to remain high could result in changing landscapes for many 
businesses and for the nature of work itself. 


Between March 2020 and April 2020. Congress approved four major laws —the Coronavirus Preparedness and Response 
Supplemental Appropriations Act 2020(P.L. 116-123), the Families First Coronavirus Response Act (P.L. 116-127), the 
Coronavirus Aid, Relief, and Economic Security (CARES) Act (P.L. 116-136), and the Paycheck Protection Programand 
Health Care Enhancement Act(P.L. 116-139} to address the effects of COVID-19 and provide directassistanceto 
households and businesses. In addition, the Federal Reserve lowered the federal funds rate (the ovemight interbank lending 
rate), increasedasset purchases, revivedandcreatednew emergency credit facilities, and encouraged theuse ofthe discount 
window. Thesepolicies mitigated the decline in aggregate economic conditions in the shortrun. Ofnote, totalpersonal 
income increasedin Apriland as of Septemberremains at aboutFebruary levels. The economic impact payments (sometimes 
referred to as stimulus checks) greatly contributed to personal income in the first few months of the pandemic. In April. the 
payments made up more than 12% oftotalpersonal mcome and contributed to a 12.2% increase in the level oftotal personal 
income. This overall increase in personal income was very large relative to normal fluctuations in personal mcome, especially 
given the unprecedented decreases in employment and GDP in the same month. 


Several provisions ofthese laws have since expired. Without additional federal aid. some industries may continue to furlough 
and permanently lay offsignificant portions of thei workforce. Personal income could decrease. potentially dampening 
personal consumption expenditures and demand across sectors and industries. However, enacting further stimulus may come 
with certain drawbacks. suchas increasing the already high debt-to-GDP ratio or providing only short-run gains to aggregate 
growth. 


Future fiscal stimulus remains uncertain. Congress has been negotiating another round of stimulus buthas yet toreach 


consensus ona package. The House approved two bills. H.R. 6800 and H.R. 925 on May 15and October 1. respectively. The 
Senate has yet to pass a response but has considered proposals in the formofamendnents to S. 178. 
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Introduction 


On March 13, 2020, President Trump declared the Coronavirus Disease 2019 (COVID-19) 
pandemic to be a national emergency.! As COVID-19 spread across the country, businesses 
closed, state lockdown orders were put in place, and social distancing measures were adopted in 
an attempt to slow the spread of the disease. Economic activity skidded to a halt, resulting in a 
rapid decrease in both employment and gross domestic product (GDP). On June 8, 2020, the 
National Bureau of Economic Research (NBER) declared that economic activity had peaked in 
February and a recession began in March 2020.? 


Most recessions are caused by either an aggregate demand shock (a sudden change in the amount 
of goods and services desired at a specific price point) or an aggregate supply shock (a sudden 
change in the amount of goods and services sold at a specific price point), but the pandemic 
caused problems to both aggregate demand and supply. COVID-19 caused a swift decline in 
productive capacity and aggregate demand following the implementation of social distancing 
measures and individual concerns about the spread of the virus.? The unemployment rate 
increased rapidly and consumer spending plummeted as individuals either lost income, ceased 
patronizing in-person stores and restaurants, or both. As demand for certain goods and services 
(such as gasoline as people began to telework at unprecedented rates) dropped, demand for others 
rose quickly and supply chains could not meet that demand. Grocery stores experienced shortages 
in food, toilet paper, and cleaning supplies and personal protective equipment became scarce.* 
With time, some of these supply chains have corrected but problems continue to arise as the 
public health crisis evolves. The combination of aggregate demand and aggregate supply 
problems makes the economic dynamics of this recession unusual and the path of the recession 
and recovery difficult to predict. 


In response to the pandemic and resultant economic downtum, m March and April 2020, 
Congress passed four laws to provide economic stmulus and assistance to the American people— 
the Coronavirus Preparedness and Response Supplemental Appropriations Act, 2020 (P.L. 116- 
123), the Families First Coronavirus Response Act (P.L. 116-127), the Coronavirus Aid, Relief, 
and Economic Security (CARES) Act (P.L. 116-136), and the Paycheck Protection Program and 
Health Care Enhancement Act (P.L. 116-139). Many of the provisions in these laws have since 
expired, and Congress and the Trump Administration have been negotiating another round of 
stimulus measures. In the meantime, some social distancing measures remain in place and 
economic activity is not expected to return to normal until the pandemic has subsided. 


This report provides a synopsis of the economic conditions caused by the pandemic and the 
theoretical context for how and why economic conditions deteriorated so rapidly m many cases. 
The report discusses the followmg economic indicators: employment and unemployment, GDP 
and its components, saving, productivity, and inflation. The report then discusses the impacts of 


1 President DonaldJ. Trump. Proclamation on Declaring a National Emergency Concerning the Novel Coronavirus 
Disease (COVID-19) Outbreak, The White House. March 13.2020. at https://www. whitehouse. gov/presidential- 
actions/proclamation-declaring-national-emergency-concernin g-novel-coronavirus-disease-covid-19-outbreak/. 

2 National Bureau of Economic Research (NBER). “Business Cycle Dating Committee Announcements.” at 
https://www.nber.org/cycles/main.html. 

3 Pedro Brinca, Joao B. Duarte, and Miguel Faria e Castro. Is the COVID-19 Pandemic a Supply or a Demand Shock? 
Federal Reserve Bank of St. Louis. Economic Synopsis no. 31. May 20. 2020. at https://files.stlouisfed.org/research/ 
publications/economic-synopses/2020/05/20/is-the-covid- 1 9-pandemic-a-supply-or-a-demand-shock pdf. 

4 Ana Swanson, “Global Trade Sputters, Leaving Too Much Here. Too Little There.” The New York Times. April 10, 
2020, at https://www.nytimes.com/2020/04/10/business/economy/global-trade-shortages-coronavirus.html. 


Congressional Research Service 1 


99 


PFIZER 


COVID-19 and the U.S. Economy 


recent fiscal and monetary policy on the economy, most specifically on GDP and personal 
income. The policy discussion also includes the expiration of certain provisions from the CARES 
Act and how these expirations might affect the economy. Finally, the report closes with a 
conversation of the economic landscape moving forward, what a recovery might look like, and 
potential lasting impacts to the economy from both the pandemic and the recession. 


Economic Indicators 


The recession caused by COVID-19 is unprecedented in many ways. By many measures, this 
recession is the deepest since the Great Depression. The peak unemployment rate of 14.7% in 
April was the highest monthly rate recorded by the Bureau of Labor Statistics (BLS)° since 1948 
when the series started; the second quarter annualized decline in gross domestic product (GDP) of 
31.4% was the highest single quarterly declne in real GDP recorded by the Bureau of Economic 
Analysis (BEA) since that series started in 1947.6 The rate of decline in economic activity was 
also very rapid—seemmgly overnight states put lockdown orders into effect, trade and travel 
were disrupted, and commerce screeched to a halt. The economy has improved since the worst 
months of the second quarter but is still not fully recovered. This section discusses key economic 
indicators and how the pandemic has affected them. 


Employment and Unemployment 


COVID-19 and the subsequent public health crisis led to precipitous increases in unemployment 
and underemployment since March 2020. Figure 1 contrasts the official U3 unemployment 
rate—unemployed workers as a percentage of the labor force—with the U6 rate, which also 
includes those working part-time for economic reasons and discouraged workers (i.e., workers 
who dropped out of the labor force for a labor market-related issue). The U3 rate reached a peak 
of 14.7% in April 2020 before falling to 6.9% in October 2020. The U6 rate followed a similar 
pattern, rising to a high of 22.8% in April 2020 and falling each subsequent month, reaching 
12.1% in October 2020.’ Both the U3 and U6 rates continue to be elevated as compared with pre- 
pandemic rates. The August U3 rate is 4-5 percentage pomts higher than the U3 rate between 
January 2019 and February 2020. The August U6 rate is 6-8 percentage points higher than the U6 
rate between January 2019 and February 2020.8 Although the U6 is the broadest measure of labor 
underutilization, in this case it does not capture the full effects of the pandemic on the labor force. 
While discouraged workers account for a portion of the drop m the labor force, many parents 
(especially women) have also been exiting the labor force due to childcare needs, especially given 
many schools are now virtual, or other care needs? 


5 Bureau of Labor Statistics (BLS). “Labor Force Statistics from the Current Population Survey: Access to historical 
data for the “A” tables of the Employment Situation News Release,” at https://www.bls.gov/cps/cpsatabs.htm. 

ô Bureau of Economic Analysis (BEA). “National Data: National Income and Product Accounts.” at 
https://apps.bea.gov/iT able/iT able.cfm?reqid=19 &step=2#reqid=1 9 & step=2 Kisuri=1 & 192 1=survey. 

7BLS, “Employment Situation Simmary—September 2020,” news release, October 2, 2020, at https://www.bls.gov/ 
news.release/empsit.nr0.htm. 

8 For further explanation of these rates. see CRS In Focus IF10443, Introduction to U.S. Economy: Unemployment, by 
Lida R. Weinstock. 

? See, e.g., Nicole Bateman and Martha Ross, “ Why Has COVID-19 Been Especially Harmful for Working Women?” 
Brookings. 79A: The Brookings Gender Equality Series, October 2020, at https://www.brookings.edw essay/why-has- 
covid-19-been-especially-harmful-for-working-women/; and Alisha Haridasani Gupta, “Why Did Hundreds of 
Thousands of Women Drop Out of the Work Force?” The New York Times, October 3, 2020, at 
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Analysis of changes in employed workers may offer additional, and in some situations more 
stable, !° insights into the state of the labor force. The number of employed workers as a 
percentage of the nonmstitutionalized population decreased substantially during the pandemic. 
The employment-population ratio hit a low of 51.3% m April 2020 as compared with rates 
consistently above 60% in the preceding year, and it has since risen to 57.4% in October 2020. In 
terms of the number of people employed, as compared with pre-pandemic levels in February, the 
number of employed persons fell by more than 25 million m April but was down by roughly 9 
million by October.!! 


Figure |. The (Un)employment Situation 


Unemployment rate ——eU3 —_UJ6 Employment to population ratio 
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Source: Bureau of Labor Statistics (BLS). 


Note: Seasonally adjusted. 


Although unemployment and employment-population rates have begun to recover from April 
lows, concems still exist about significant permanent job loss in the economy. When the public 
health crisis began, many workers were laid off on temporary furloughs, but since then many of 
those temporary job losses have become permanent. !? Assuming jobs return eventually after the 
pandemic subsides, this increase in permanent layoffs would be considered an increase in cyclical 
unemployment—unemployment that is a result of the business cycle. However, if the pandemic 
results in permanent changes to and job losses in some industries, the level of structural 
unemployment—telatively long-lasting unemployment as a result of shifts in the economy— 
could increase. Figure 2 illustrates this phenomenon. In April 2020, due to the sudden closure of 
many businesses, the percentage of individuals unemployed for less than five weeks mcreased. 
Since the shock, the duration of unemployment has been increasing, with those unemployed for 
more than 14 weeks accounting for over half of all unemployed individuals in October 2020. By 
September, the percentage of unemployed individuals who had been unemployed for 27 or more 


https://www.nytimes.com/2020/10/03/us/jobs-women-dropping-out-work force-wage-gap-gender. html. 

10 For explanation of why unemployment rates may not be as accurate as normal, see CRS Insight IN11456, COVID- 
19: Measuring Unemployment, by Lida R. Weinstock. 

11 BLS, “Employment Situation Summary—September 2020.” news release, October 2, 2020, at https://Awww.bls.gov/ 
news.release/empsit.nr0.htm. 

12 For example, see Greg Iacurci, “Unemployment Was Supposed To Be Temporary. Now. It’s Permanent for Almost 4 


Million.” CNBC. October 13.2020. at https://www.cnbe.com/2020/10/13/covid-related-unemployment-is-now- 
permanent-for-almost-4-million.html. 
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weeks was a seasonally adjusted 32.5%. up from 19.2% in February. before the pandemic 
began. 1 


Figure 2. Duration of Unemployment 
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Gross Domestic Product and Its Components 


Real gross domestic product (GDP)—economic output adjusted for inflation—fell at an annual 
rate of 5.0% in the first quarter of 2020 and fell at an annual rate of 31.4% in the second quarter 
of 2020. the largest quarterly decline on record.!* The decline was driven largely by decreases in 
personal consumption expenditures and gross private fixed investment.!> Gross domestic 
income—a parallel measure to GDP that measures all income derived from production, including 
wages, profits, and taxes—fell by an annualized 2.5% in the first quarter and 33.5% in the second 
quarter.!© GDP partially recovered in the third quarter. BEA’s advance estimate!’ of third quarter 
real GDP indicates that it rose at an annual rate of 33.1%, an historic gain, but still a smaller- 
dollar-magnitude gain than the second quarter dollar loss.!8 However. real GDP remains below 
pre-pandemic levels—in the third quarter real GDP was 2.9% below its level one year previously 
(see Figure 3).'° 





13 BLS, “Access to Historical Data for the “A” Tables of the Employment Situation News Release.” October 5, 2020. at 
https://www.bls.gov/cps/cpsatabs.htm. 

14 BEA, “Gross Domestic Product (Third Estimate). Corporate Profits (Revised), and GDP by Industry. Second Quarter 
2020.” September 30, 2020. at https://www.bea.gov/news/2020/gross-domestic-product-third-estimate-corporate- 
profits-revised-and-gdp-industry-annual. 

15 For more information on the composition of GDP in the second quarter, see CRS Insight IN11478. Understanding 
the Second-Quarter Fall in GDP. by Mark P. Keightley and Marc Labonte. 

16 BEA, “Gross Domestic Product (Third Estimate), Corporate Profits (Revised), and GDP by Industry, Second Quarter 
2020.” September 30, 2020. at https://Awww.bea.gov/news/2020/gross-domestic-product-third-estimate-corporate- 
profits-revised-and-gdp-industry-annual. 

17 An advance estimate is based on incomplete data and is subject to revision. 

18 Tt is important to note that the 33.1% gain in GDP was not larger than the 31.4% fall in GDP in dollar terms. For 
example, a 31.4% decrease in $100 would result in a $31.4 loss, leaving $68.6. A subsequent 33.1% increase in the 
remaining $68.6 would result in a $22.7 increase, leaving only $91.3, a lower amount than what was startedwith. 

19 BEA, “Gross Domestic Product, Third Quarter 2020 (Advance Estimate).” October 29, 2020. at 
https://www.bea.gov/sites/default/files/2020-10/gdp3q20_adv_pdf. 
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Figure 3. Real Gross Domestic Product (GDP) 
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Note: Data using billions of chained 2012 dollars seasonally adjusted at annual rates. 


The below series of figures illustrate the cumulative change in each major component of GDP— 
personal consumption expenditures, gross private domestic investment, net exports of goods and 
services, and government consumption expenditures and gross investment—since the fourth 
quarter of 2019. Asharp decline and then rebound in personal consumption expenditures largely 
drove both the decline and partial recovery of real GDP in 2020. 


Figure 4. Personal Consumption 
Expenditures 
(cumulative change from Q4 201 9) 


Durable goods æ Nondurable goods m Services 





Source: CRS calculations based on Bureau of 
Economic Analysis (BEA) data. 

Note: Underlying data chained to 2012 dollars and 
seasonally adjusted at annual rates. 





Figure 4 shows the breakdown of personal 
consumption expenditures into expenditures 
on goods—durable and nondurable—and 
services. The majority of the drop in total 
personal consumption expenditures was due 
to a decline in spending on services, which 
decreased by a relatively small amount in the 
first quarter and then by a large amount in the 
second quarter before increasing in the third 
quarter, though not by enough to reach pre- 
pandemic levels. The large impact on services 
was likely a result of business closures, social 
distancing, and other measures taken to limit 
the spread of COVID-19. Spending on 
nondurable goods (goods that are “single use” 
or are consumed over a short period of time) 
has behaved more pro-cyclically than durable 
goods (goods that can be used over a long 
period of time) in dollar terms during the 
pandemic. This can be largely explained by 


the nature of the public health crisis, which halted spending on certain nondurable goods, such as 
gasoline for a car or new clothing, to such an extent that nondurable goods as a whole fell by 
more than durable goods did. Swift action by the Federal Reserve to lower interest rates and the 
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economic impact payments that went to a sizable portion of the population (160 million payments 
were delivered as of August 14)?° also may have helped bolster spending on durable goods, which 
are typically larger investments than nondurable goods, and may have involved taking out a loan 
or otherwise paying in installments. 


Figure 5 shows the breakdown of gross 


private domestic investment by nonresidential Figure 5. Gross Private Domestic 
and residential fixed investment, and the Investment 
change in private inventories. Despite its (cumulative change from Q4 2019) 


small share, change in private inventories 
contributed significantly to the overall fall in 
gross private domestic investment in the 
second quarter but recovered to fourth quarter 
2019 levels in the third quarter. When 
COVID-19 first emerged, it led to disruptions 
in supply chains, which were only further 
exacerbated when the pandemic reached the 
United States. Supply chain disruptions, along 
with a sudden decrease in demand, caused 
many producers to slow production and run 





down inventories instead. GDP is based on Source: CRS calculations based on Bureau of 
new production, and therefore the large Economic Analysis (BEA) data. 

decrease in inventories contributed to the Note: Underlying data chained to 2012 dollars and 
decline in annualized GDP in the second seasonally adjusted at annual rates. 


quarter by more than three percentage 

points.?! Inventories increased significantly in the third quarter, how ever. and even surpassed 
fourth quarter 2019 levels. Decreases in equipment investment, most notably transportation 
equipment, contributed to the decrease in nonresidential fixed investment and decreases in new 
single-family housing investment led the decrease in residential fixed investment in the second 
quarter.?? However, demand for housing has remained strong during the pandemic and in the third 
quarter new single-family housing investment increased and residential fixed investment 
therefore picked up as well. 


Neither net exports of goods and services nor government consumption expenditures and gross 
investment contributed significantly to the fall in GDP. As shown in Figure 6, although both 
exports and imports did drop significantly in the first and second quarters of 2020, they did so by 
a fairly proportional amount, resulting in only a small change to net exports (exports minus 
imports). Both imports and exports picked back up in the third quarter, but not by enough to reach 
pre-pandemic levels. 


20 Internal Revenue Service, “IRS Takes New Steps to Ensure People with Children Receive $500 Economic Impact 
Payments,” pressrelease, at August 14,2020, https:/Awww.1s. gov/newsroom/irs-takes-new-steps-to-ensure-people- 
with-children-receive-500-economic-impact-payments. 

21 Justin Lahart, “Bullwhip Effect Could Boost U.S. Economy,” The Wall Street Journal, September 23, 2020, at 
https:/Avww.wsj.com/articles/bullwhip-effect-could-boost-u-s-economy-11600858980. 

2 BEA, “Gross Domestic Product (Third Estimate), Corporate Profits (Revised), and GDP by Industry, Second Quarter 


PFIZER 


Figure 6. Net Exports of Goods and Figure 7. Government Consumption 
Services Expenditures and Gross Investment 
(cumulative change from Q4 201 9) (cumulative change from Q4 2019) 
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Source: CRS calculations based on Bureau of Source: CRS calculations based on Bureau of 
Economic Analysis (BEA) data. Economic Analysis (BEA) data. 

Note: Underlying data chained to 2012 dollars Note: Underlying data chained to 2012 dollars 
and seasonally adjusted at annual rates. and seasonally adjusted at annual rates. 


As illustrated in Figure 7, government consumption expenditures and gross investment did 
increase throughout the first half 2020, in part owing to the stimulus measures enacted in March 
and April that increased federal consumption expenditures, but decreases in state and local 
expenditures somewhat offset this, resulting in a total 0.82% contribution to the change in real 
GDP in the second quarter.?3 Federal spending decreased from the second to third quarter, in part 
because certain stimulus spending was completed. State and local spending fell further in the 


third quarter of 2020, in part due to decreases in revenue necessitating spending cuts in order to 
balance budgets. 


Saving 


Consumer spending and saving are inversely related. Individuals receive a certain amount of 
after-tax income that they can spend or save. By definition, what is not spent is saved. For this 
reason, it follows that when personal consumption expenditures decreased as the coronavirus 
spread, personal saving as a percentage of disposable income would increase, as evidenced by 
Figure 8. As shown, the personal saving rate in the United States mcreased rapidly to 33.7% by 
April 2020, and has since fallen, although it still remains elevated from 8.3% in February, before 
the pandemic hit. Although personal saving has been on the rise since the financial crisis of 2007- 
2009,?4 the personal saving rate would increase during the pandemic for several reasons, 
including cash hoarding, the inability to spend money due to business closures, and increased 
personal income from various stimulus programs, notably the economic impact payments of up to 
$1200 for eligible adults and $500 for each qualifying child. An NBER working paper, in which 
the authors used a large-scale survey of consumers, found that 33% of individuals reported 





3 BEA, “National Data: National Income and Product Accounts,” at https://apps. bea. gov/iT able/iT able.cfm?reqid=19& 
step=2 &isuri=1 &categories=survey. 

24 E, Katarina Vermann, “Wait, Is Saving Good or Bad? The Paradox of Thrift,” Economic Research Federal Reserve 
Bank of St. Louis, May 2012, at https://research.stlouisfed_org/publications/page 1 -econ/2012/05/01/wait-is-saving- 
good-or-bad-the-paradox-of-thnft/. 
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mostly saving the payment and 52% used it to pay down debt, which would qualify as saving in 
the context of this report.?° 


The inability to spend money due to business closures may be the primary reason for the spike in 
the personal saving rate. Notably. most of the increase in saving appears to be due to high-income 
households. According to an economic tracker based on private-sector data created by economists 
to record the effects of COVID-19 in real-time, as of June 10, high-income households reduced 
spending by 17% as compared with low-income households by only 4%.?6 


Figure 8 illustrates quarterly net private saving, broken down by domestic businesses and 
households and institutions. Net private saving increased during the pandemic, driven by 
household saving. Levels of business saving decreased over the same period, reflecting the cash- 
flow problems that still plague many industries as the coronavirus forces closures and reduces 
activities, most notably in the retail and travel sectors.27 










Figure 8. Saving 
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Source: BEA. 


Note: Data seasonally adjusted. 


Productivity 


Productivity measures the efficiency of production and is, therefore, an important indicator of 
how well the economy is running. There are two kinds of production inputs—labor and capital 
Productivity is typically measured by labor productivity or total factor productivity (sometimes 
referred to as multifactor productivity, which is the productivity of all inputs combined). This 
discussion focuses on the former. Figure 9 shows labor productivity in four major sectors before 
and during the COVID-19 pandemic. Labor productivity, measured in output per hour, increased 
in the business and nonfarm business sectors during the second quarter of 2020. Manufacturing 
labor productivity decreased, likely a result of supply chain problems as described in previous 
sections. Labor productivity increased across all three sectors in the third quarter, although the 
increase was smaller than the second quarter increase for the business and nonfarm business 
sectors. 





25 Olivier Coibion, Yuriy Gorodnichenko. and Michael Weber, How Did U.S. Consumers Use Their Stimulus 
Payments? NBER. Working Paper no. 27693, August 2020, pp. 2-3. 


26 Raj Chetty et al., How Did COVID-19 and Stabilization Policies Affect Spending and Employment? A New Real- 
Time Economic Tracker Based on Private Sector Data, NBER. Working Paper no. 27431, June 2020, p. 2. 


27 BEA, “National Income and Product Accounts,” at https://apps.bea_gov/iT able/index_nipa.cfn. 
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That productivity would increase at all during a recession may seem counterintuitive, but labor 
productivity has displayed countercyclical behavior for several decades. The mechanical 
explanation for this is that, during recessions, output drops but hours worked drops by a greater 
amount, resulting in an overall increase in output per hour. This can be observed in the current 
data: in the third quarter output remained 4.0% lower that it was in the fourth quarter of 2019 but 
hours worked was an even greater 7.5% below the fourth quarter of 2019 level. 28 More generally. 
in a downturn, management can lay off low-skilled or low-performing workers without reducing 
output by a large margin. During a recession, as unemployment rises, capital per worker 
increases. a concept knownas capital deepening. and this. in turn, causes a short-term boost in 
worker produc tivity.*® As of yet, there is not enough data to conclude that productivity is 
increasing for reasons other than those mentioned or that the increase will be permanent. This 
report discusses the possibility of a more structural change to productivity in a later section. 


Figure 9. Major Sector Labor Productivity 
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Source: BLS. 


Inflation 


There are a few comparable sources for measuring consumer price inflation in the United 
States—the personal consumption expenditure (PCE) index, the GDP deflator, and the consumer 
price index (CPI). All of these indices measure how prices change over time across a series of 
goods and services. Food and energy prices are typically more volatile than other types of goods 
and services, and as they often make up a large proportion of total spending, in some 
circumstances fluctuations in food or energy prices can affect overall inflation in a way that is not 
indicative of how other goods and services prices are behaving. For this reason, economists 
calculate a version of inflation that does not include food or energy. known as core inflation.>° 


28 BLS, “Productivity and Costs, Third Quarter 2020, Preliminary.” news release, November 5, 2020, at 
https://www. bls. gov/news.release/prod2 .nr0 htm. 


I See Robert J. Gordon, “The Evolution of Okun’s Law and of Cyclical Productivity Fluctuations.” EEYIAB 
Workshop. Labor Market Institutions andthe Macreconomy, June 17-18, 2011, pp. 29-34 at 

http://economics. weinberg northwestern .edu/robert-gordon/files/RescPapers/EvolutionOkunsLaw pdf: and John G. 
Fernald and J. Christina Wang. Why Has the Cyclicality of Productivity Changed? What Does It Mean? Federal 
Reserve Bank of San Francisco, Working Paper no. 2016-7, April 2016. p. 5, at https://www. frbsf.org/economic- 
research/files/wp2016-07 pdf. 


30 For more information about inflation, see CRS In Focus IF10477, Introduction to U.S. Economy: Inflation „by Marc 
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Measures of inflation that do include food and energy prices in calculations are often referred to 
as measures of headline inflation. 


Figure 10 shows the percentage change from a year ago in CPI headline and core inflation for 
each month in 2020. PCE and GDP deflator methodologies differ slightly from the CPI 
methodology but show largely similar patterns. As illustrated below, core inflation was more 
stable than headline inflation, in part due to the large decreases in fuel prices (see Figure 11).°! 
The Federal Reserve has targeted an inflation rate of 2% in the past, although with its recent 
change to its monetary policy strategy, it will be targeting an average rate of 2% moving 
forward.?? Given 2% as a guide, inflation during the pandemic would be considered low. 


Figure 10. Consumer Price Index (CPI) Inflation 
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Source: BLS. 


In the aggregate. inflation has been low throughout the pandemic. but the price level of individual 
goods has varied greatly. Because of the nature of the public health crisis, demand for certain 
goods has increased significantly and demand for other goods has decreased significantly. Figure 
11 shows the magnitude of some of these changes on a few selected consumer goods. Patterns of 
the spread of COVID-19 and social distancing measures have limited the extent to which people 
have been able to eat in restaurants and thus demand for food at home, a category that includes 
groceries. has increased. As discussed in the “Introduction,” some supply chains could not meet 
demand, as was the case for certain food products. Food at-home prices have been consistently 
around 5% higher than they were in the same month of the previous year. Apparel saw an 
opposite trend. Given fears of the virus and any potential consumer preference changes given the 
state of the economy. increased telework. or other employment changes, demand for apparel 
(clothing) fell. and with it apparel prices. A dramatic example of deflation comes with motor fuel 
(gasoline) prices. A sudden decrease in travel and commuting caused demand for fuel to drop and 
prices fell drastically, over 33% lower in May 2020 than in May 2019.3? 


Labonte. 
31 BLS, “Consumer Price Index (CPI) Databases,” at https://www bls.gov/cpi/data htm. 


32 For more information about the Federal Reserve’s Monetary Policy Strategy Statement andthe recent changes to it. 
see CRS Insight IN11499, The Federal Reserve’s Revised Monetary Policy Strategy Statement, by Marc Labonte. 


33 BLS. “Consumer Price Index (CPI) Databases,” at https://www.bls.gov/cpi/data htm. 
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Figure | |. Price Changes of Selected Consumer Goods 
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Policy Impact on the Economy 


In response to the COVID-19 pandemic. the federal government implemented a wide range of 
stimulus and liquidity measures. Congress passed. and the President signed. four major laws 
between March and April 2020 to address the effects of COVID-19 and provide direct assistance 
to households and businesses: 


e Coronavirus Preparedness and Response Supplemental Appropriations Act 2020 
(P.L. 116-123). 
e Families First Coronavirus Response Act (P.L. 116-127), 


e Coronavirus Aid, Relief, and Economic Security (CARES) Act (P.L. 116-136), 
and 


e Paycheck Protection Program and Health Care Enhancement Act (P.L. 116-139). 


The Federal Reserve’s response included lowering the federal funds rate (the overnight interbank 
lending rate). purchasing assets, reviving and creating new emergency credit facilities, and 
encouraging use of the discount window.34 


This section discusses the impacts of these policies, the expiration of certain provisions. and 
potential future policies on the domestic economy. 


Enacted Policy 


Fiscal Policy Impact 


The size and speed of the initial policy response to COVID-19 was historic in both nature and 
proportion. While much uncertainty still exists, it is clear that the policies enacted this year have 
had a positive effect on the economy. The Congressional Budget Office (CBO) published a report 





34 For more information on the Federal Reserve's response to the COVID-19 pandemic. see CRS Report R46411. The 
Federal Reserve’s Response to COVID-19: Policy Issues, by Marc Labonte. 
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on the potential short- and long-term effects of legislation enacted in March and April 2020 on the 
domestic economy.?? In the short term, CBO projects the policies enacted will increase real GDP 
by 4.7% and 3.1% in 2020 and 2021, respectively. In the longer term, CBO expects the policies to 
increase the debt-to-GDP ratio, resulting in higher borrowing costs, dampened GDP. and smaller 
national income, assuming no austerity measures are taken.3° By 2023. CBO projects GDP would 
be slightly smaller than if fiscal stimulus had not been implemented. CBO calculates that the 
policies will increase GDP by 58 cents for every dollar they add to the deficit between 2020 and 
2023.37 Figure 12 illustrates the quarterly impact of pandemic -related legislation on real GDP 
through 2021. as projected by CBO. The largest impact occurs in the third quarter of this year and 
decreases in each subsequent quarter but remains positive through 2021.38 


Figure |2. Estimated Effects of Pandemic-Related Legislation on 
Gross Domestic Product 
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Source: Congressional Budget Office (CBO). 
Note: GDP not annualized. 


Figure 13 displays the effects of certain pandemic-related enacted provisions on personal income 
as determined by BEA. The effects are measured as a percentage of total monthly personal 
income.39 The economic impact payments had the largest single-month impact on personal 


35 CBO, The Effects of Pandemic-Related Legislation on Output, September 2020, at https:/Awww.cbo.gov/system/files/ 
2020-09/56537-pandemic-legislation pdf. 

36 Austerity measures (actions taken to reduce the budget deficit. often through decreased government expenditures) 
could result in lower levels of debt, and therefore lower borrowing costs, higher GDP. and larger national income in the 
long-run, although in the short-term could cause further harm to GDP and related measures. 


37 CBO, The Effects of Pandemic-Related Legislation on Output, September 2020, at https://www.cbo.gov/system/files/ 
2020-09/56537-pandemic-legislation pdf. 

38 Others have done analyses on the effects of specific legislation on the U.S. economy in the short - andlong-term. For 
example, a study from the Wharton School of the University of Pennsylvania found that the CARES Act would 
“produce around 1.5 million additional jobs by 2020 Q3 and increase GDP by $812 billion over the next two years.” 
For more detailed information on this analysis, see Alexander Arnon, Zheli He, and Jon Huntley. “Short -Run Economic 
Effects ofthe CARES Act,” University of Pennsylvania, Penn Wharton Budget Model, April 8, 2020, at 
https://budgetmodel wharton.upenn.edw issues/2020/4/8/short-run-effects-of-the-cares-act. 


3? For example, if total personal income in a given month was $100 and a specific program contributed $10 to total 
personal income in that month. that program would constitute 10% of total personal income. 
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income of the programs analyzed. In April. the payments constituted more than 12% of total 
personal income and were largely responsible for the 12.2% increase in total personal income in 
the same month. This overall increase in personal income was significant, especially given the 
unprecedented decreases in employment and GDP in the same month. Personal income in 
September is still higher than it was in February, before the pandemic began, but lower than in 
April. This increase and maintenance of levels of personal income. in large part due to the 
CARES Act, could be responsible for some of the unusual phenomena happening during this 
recession, such as the maintenance of housing demand and the smaller than usual drop in durable 
goods spending. 


Most of the one-time payments were made in April and therefore the effects on personal mcome 
dropped off very quickly—total personal income fell 4.2% and 1.2% in May and June. 
respectively. The enhanced unemployment benefits each month also contributed significantly to 
personal income—over 5% in May. June, and July. at which point the provision for the additional 
$600 per week expired, likely contributing to a 2.7% drop in total personal income in August.*® 
Of note, this 5% represents the effect on total personal income: for those unemployed individuals 
actually receiving the benefits, this percentage will be much higher because their incomes would 
be lower than average. Other programs such as the Paycheck Protection Program contributed 
relatively less to total personal income but would also have much larger effects for those 
individuals directly receiving the benefits. 


Figure 13. Effects of Selected Policies on Personal Income 
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Source: CRS calculations using BEA data. 





4 BEA, “Effects of Selected Federal Pandemic Response Programs on Personal Income, September 2020.” table. 
October 30, 2020. at https://www.bea.gov/sites/default /files/2020-10/effects-of-selected-federal-pandemic-response- 
programs-on-personal-income-september-2020.pdf: and BEA. “Personal Income and Outlays.” news release, August 
2020, October 1.2020, at https://www.bea.gov/news/2020/personal-income-and-outlays-august-2020. 
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Notes: Underlying data seasonally adjusted at annual rates. Data subject to revision. NPISH stands for nonprofit 
institutions serving households. 


Monetary Policy Impact 


The CBO report cited above includes a brief analysis of the impact of the Federal Reserve’s 
emergency lending facilities on GDP.*! CBO estimates the lending facilities will increase real 
GDP by 0.1% and 0.3% in 2020 and 2021, respectively. The budgetary costs to the Federal 
Reserve are expected to be offset by interest income generated by the programs. More generally. 
CBO determined that the lending facilities should increase confidence and provide a more stable 
and favorable lending environment. thereby increasing “overall demand by supporting 
businesses’ and consumers’ spending. helping increase businesses’ chance of survival. and 
preserving production capacity, all of which will help expedite a recovery.’4? 


Provision Expirations and Future Policy 


As discussed previously. CBO projected that the stimulus had a significant positive effect on the 
economy in the short run; however. many of the provisions of the CARES Act have expired or 
been exhausted,*3 which will also have an effect on the economy. Of note, the Payroll Protection 
Program closed on August 8,4 nearly 90% of the $300 billion in direct support economic 
payments provided for in the CARES Act were made as of August 28.*° and the temporary 
increase of $600 per week in unemployment benefits expired on July 31. 


Despite gains to many economic indicators since April, the economy is still not fully recovered. 
Without additional federal aid. certain industries. including the airline industry. are preparing to 
furlough and layoff significant portions of their workforces.*® Surveys of small businesses. 
including the Census Pulse Survey and the U.S. Chamber of Commerce Coronavirus Small 
Business Impact Poll, indicate that small businesses feel isecure.*? According to the Financial 
Stress Index from the Pulse Survey, financial stress among small businesses improved between 


4. CBO, The Effects of Pandemic-Related Legislation on Output, September 2020, at https://www.cbo.gov/system/files/ 
2020-09/56537-pandemic-legislation pdf. 

* CBO, The Effects of Pandemic-Related Legislation on Output. September 2020, at https://www.cbo.gov/system/files/ 
2020-09/56537-pandemic-legislation pdf. 

43 For more detailed information on the expiration and exhaustion of provisions. see CRS Insight IN11475, Economic 
Activity and the Expiration of COVID-19 Relief Provisions. by Grant A. Driessen and Lida R Weinstock. 

# U.S. Small Business Administration. Paycheck Protection Program: An SBA Loan That Helps Businesses Keep 
Their Workforce Employed During the Coronavirus (COVID-19) Crisis, at https://www.sba.gov/funding-programs/ 
loans/coronavirus-relief-options/paycheck-protection-program. 

45 Internal Revenue Service, “IRS Statement on Economic Impact Payments by state (as of Aug. 28, 2020).” August 28, 
2020, at https:/Avww.irs. gov/newsroom/irs-statement-on-economic-impact-payments-by-state-as-of-aug-28-2020. 

46 For example, see Patrick Thomas, Sarah Chaney, and Chip Cutter, “New Covid-19 Layoffs Make Job Reductions 
Permanent,” The Wall Street Journal, August 28,2020, at https://www.wsj.com/articles/new-covid-19-layoffs-make- 
job-reductions-permanent- 11598654257: and Andrew Van Dam, “As Permanent Economic Damage Piles Up, the 
Covid Crisis is Looking More Like the Great Recession.” The Washington Post, August 25,2020, at 
https://www.washingtonpost.com/business/2020/08/25/permanent-economic-damage-piles-up-covid-crisis-is-looking- 
more-like-great-recession/. 

47 See, e.g, U.S. Census Bureau, Small Business Pulse Survey, October 8, 2020, at https://portal.census.gov/pulse/data/- 
and MetLife & U.S. Chamber of Commerce, Small Business Coronavirus Impact Poll, July 29,2020, p. 2. at 
https://www.uschamber.com/sites/default/files/metlife_uscc_sbi_coronavirus_impact_poll_july pdf. 
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the beginning of the survey in April and the week of August 16-22, but has shown no 
improvement between August 16-22 and October 4-12.48 


Although there are certain short-term benefits to additional stimulus, there would also be 
tradeoffs. As shown in the previous section. fiscal policy enacted in March and April 2020 
showed significant gains to GDP in the short run, but by the end of 2021, CBO projects the gains 
from policy are minimal. Additional stimulus would also increase the debt-to-GDP ratio, already 
at 135.6% in the second quarter of 2020—the highest since World War II.4’ Increasing the 
national debt could be cause for future austerity measures, which would hinder growth. 


Future fiscal policy remains uncertain at this point. As scored by CBO, the CARES Act will 
increase federal deficits by about $1.7 trillion over the 2020-2030 period,*° and Congress has 
been debating an additional stimulus package. The Heroes Act (H.R. 925). as adopted by the 
House on October 1, would increase the deficit by $2.4 trillion over the 2021-2030 period.>! A 
previous “Heroes Act,” H.R. 6800, which passed the House on May 15, has not been scored by 
CBO. The Senate has yet to pass any bills. most recently holding a cloture vote on October 21 on 
the Delivering Immediate Relief to America’s Families. Schools and Small Businesses Act 
(S.Amdt. 2652), which was not invoked by a vote of 51-44. CBO has estimated that if passed. this 
legislation would increase the deficit by $519.3 billion over the 2021-2030 period.*? 


The path of monetary policy is more evident at this point. The Federal Reserve’s emergency 
lending facilities are set to expire at the end of the year,*? although these facilities could be 
extended. The Federal Reserve has additionally already indicated it will keep the federal funds 
rate close to zero for the foreseeable future. 54 


Future Economic Outlook 


Economic Uncertainty 


One of the key features of the current recession is the higher than average amount of uncertainty. 
The macroeconomic outlook is largely being driven by a public health crisis that is, in and of 
itself, difficult to predict. As of July. CBO forecasts that real GDP will remain below potential 

and that the unemployment rate will remain above the 2019 rate for the remainder of the decade.*° 





48 U.S. Census Bureau, Small Business Pulse Survey, October 8, 2020, at https://portal.census.gov/pulse/data/#weekly. 


# Federal Reserve Bank of St. Louis and U.S. Office of Management and Budget. “Federal Debt: Total Public Debt as 
Percent of Gross Domestic Product [GFDEGDQ188S].” retrieved from FRED, Federal Reserve Bank of St. Louis, at 
https://fred.stlouisfed_org/series/GFDEGDQ1888S_ October 20. 2020. 


30 CBO, H.R. 748, CARES Act, P.L. 116-136, April 16, 2020, at https://www.cbo.gov/publication/56334. 

51 CBO, H.R. 925, Heroes Act, October 16, 2020. at https://www.cbo.gov/publication/56686. 

5? CBO, Estimate for Senate Amendment 2652 to S. 178, the DeliveringImmediate Relief to America’s Families, 
Schools and Small Businesses Act. October 21, 2020. at https://www.cbo.gov/publication/56694. 


% Board of Governors of the Federal Reserve System, “Federal Reserve Board Announces an Extension Through 
December 31 of Its Lending Facilities That Were Scheduled to Expire On or Around September 30.” press release. July 
2020. at https://www. federalreserve.gov/newsevents/pressreleases/monetary20200728a_htm. 


% Board of Governors of the Federal Reserve System, “Federal Reserve Issues FOMC Statement.” press release. 
September 16, 2020, at https://www. federalreserve. gov/newsevents/pressreleases/monetary 202009 16a.htm. 


55 CBO, An Update to the Economic Outlook: 2020 to 2030. July 2, 2020. at https://www.cbo.gov/publication/56442. 
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These forecasts assume no policy changes or additional stimulus, meaning that future policy has 
the ability to improve (or worsen) the forecast.*6 


To a large extent, the economy cannot fully recover until the pandemic has ended. Fears of the 
virus and social distancing make it unlikely that commerce can regain its pre-pandemic pace 
while COVID-19 still poses a threat. However, once the public health crisis has passed, it is 
possible the economy would recover at a relatively fast pace, as compared with other recessions. 
Normally, aggregate demand remains depressed and the economy could take several years to 
return to full employment after a recession. The current recession is different than past recessions 
in that it was caused not by an mherently economic or financial shock but by a public health 
crisis. Given that the macro-fundamentals prior to the pandemic appeared to be sound, once the 
cause of the recession has passed, it might be assumed that the economy can retum to normal 
quickly. However, the longer the pandemic and resulting recession last, the more likely certain 
effects are to be longer lasting as well. 


Potential Lasting Impacts 


The depth and uncertainty of the COVID-19 pandemic and resultant recession have created 
speculation about potential long-lasting impacts to the economy. It is difficult to speculate about 
what lasting impacts there might be. To some extent, this will be driven by the length of the 
pandemic and any structural reforms the federal government might enact in response to the nature 
of the crisis. Although speculation as to the permanence of any effect is difficult. there is some 
research about the economic effects of prior pandemics (most notably the Spanish Flu of 1918) 
that could be of some use in helping frame possible economic hurdles in the coming years. For 
example, anecdotal evidence from the 1918 pandemic indicate that reduced investment in human 
capital could be a long-term problem because of any lasting morbidity among survivors and any 
long-run pressure that might be put on health care and government assistance programs. 
However, the policy response to COVID-19 will likely result in a more positive outcome than the 
policy response in 1918 did.>” 


As discussed previously, unemployment may take a long time to reach pre-pandemic rates and 
GDP may take a long time to reach potential GDP, but both are expected to happen eventually. In 
the aggregate, the economy may fully recover, but there could be longer-lasting impacts for 
specific groups of individuals. These groups may include those who work for industries that have 
been hit hardest by the pandemic and may face higher and longer rates of unemployment. 
individuals from geographical areas that suffered large losses (both of lives and businesses), or 
low-income individuals that could not bear the costs of the recession as easily as others. Some 
have forecasted a “K-shaped” recovery, meaning that some groups of individuals and businesses 
will recover quickly, but the economic situation for others will worsen and take much longer to 
recover, if ever. For example, telework is possible in certain industries and has allowed work to 
continue largely uninterrupted, whereas other industries require face-to-face services and have 
been struggling due to decreased demand. If consumer preferences change as a result of the 
pandemic, this could mean a changing landscape for businesses. For example, if enough 
individuals get used to cooking at home and eating out less. this could mean fewer restaurants 





56 CBO projections may not match otherprojections due to differences in underlying assumptions about the 
epidemiology of the virus as well as future social distancing measures. For more information on forecasts of economic 
activity andthe recovery, see CRS Insight IN11460. COVID-19: How Quickly Will Unemployment Recover? . by Lida 
R. Weinstock. 

57 Vellore Arthi and John Parman, Disease, Downturns, and Wellbeing: Economic History and the Long-Run Impacts 
of COVID-19,. NBER. Working Paper no. 27805, September 2020, pp. 2, 23-24. at https://www.nber.org/papers/ 
w27805.pdf. 
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will exist in the future. Questions of consumer preferences and unemployment rates cannot be 
answered until there are data on consumer behavior after the pandemic has ended. 


In addition. further speculation exists about permanent changes to consumer behavior in the form 
of the personal saving rate. which has increased during the pandemic. Apermanent increase, 
which cannot be predicted with accuracy at this stage, would dampen the recovery in the short 
term, but might be a net positive for the economy in the long run. 


The economic community has competing concerns about whether the country is facing low 
inflation (or potentially even deflation) or high inflation in the coming months, and years. During 
a recession, inflation typically declines. as falling aggregate demand puts downward pressure on 
prices. However, rising inflation is often a concern during a recovery and expansion as 
employment recovers and nears or reaches full employment. Rising employment has been 
associated with rising inflation in the past but this relationship has been weaker in recent years.°8 
The Federal Reserve took certain actions. notably the rounds of quantitative easing that resulted 
in a nearly $3 trillion increase in the Federal Reserve’s balance sheet in a matter of weeks.°? 
which contributed to a sizable increase in the money supply. According to conventional economic 
theory. an increase in the money supply will result in an increase in inflation; however, during the 
2007-2009 financial crisis. the Federal Reserve significantly increased the money supply without 
inflation increasing meaningfully. Further, some disagree that high inflation is likely as the 
economy recovers from the COVID-19 pandemic because the recovery’s pace has slowed in 
recent months, the status of any future stimulus is uncertain, and the Federal Reserve’s credibility 
will likely keep inflation expectations on track. ®! 


Another area that has seen much media speculation is changes to the nature of work. Given the 
overall increase in productivity and the switch to work-from-home for many industries, some 
speculate that these changes may be at least partially permanent and that there will be an increase 
in telework opportunities.®? It is, however. not necessarily evident that the increase in productivity 
is a direct result of telework, and it is likely that some amount of innovation in the economy has 
been spurred out of necessity (e.g.. research and development for a vaccine) and that innovation 
and then productivity may decrease once the crisis has passed. Changing norms and preferences 
towards more telework could still cause an increase in telework opportunities, even if telework 
turns out to be similarly or less productive than on-site work. Some prominent companies. 
notably Twitter, have even already made the announcement that they will provide the ability to 
telework permanently.® Such a change at a large scale would have wide-ranging implications for 
a variety of factors, including office space, transportation networks, IT services, and housing 


38 For more information on the relationship between employment and inflation, see CRS In Focus IF10443. 
Introduction to U.S. Economy: Unemployment. by Lida R. Weinstock. 

5? Board of Governors of the Federal Reserve System. “ Credit and Liquidity Programs and the Balance Sheet: Recent 
Balance Sheet Trends.” at https://www.federalreserve.gov/monetarypolicy/bst_recenttrends. htm. 

6&0 Letter from John C. Williams, president and CEO of the Federal Reserve Bank of San Francisco. to Western 
Economic Association International, July 2, 2012. at https://www.frbsf.org/economic-research/publications/economic- 
letter/2012/july/monetary-policy-money-inflation/. 

6l Sarah House and Michael Pugliese, “A Recipe for Higher Inflation?” Wells Fargo Securities Economics Group 
Special Commentary, September 25, 2020, pp. 5-6. 

© Katherine Guyot and Isabel V. Sawhill, Telecommuting Will Likely Continue Long After the Pandemic, Brookings 
Institution, Time andthe Middle Class Series, April 6, 2020. at https://www.brookings.edw/blog/up-front/2020/04/06/ 
telecommuting-will-likely-continue-long-after-the-pandemic/. 

& Jessica Guynn, “How Would You Like to Work from Home ‘Forever’? Twitter Is Encouraging Employees to Do 
So.” USA Today, May 12, 2020. at https://www-usatoday.com/story/tech/2020/05/12/twitter-work-from-home-forever! 
3118879001/. 
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preferences. However, it is difficult to predict whether this type of action will be widespread: for 
all the ardent supporters of this type of change. there are also detractors. and for the change to be 
widespread across industries, considerable structural changes and technological improvements 
would need to be made. 
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